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The specific conclusions and recommendations included in these
proceedings are those of the workshop participants and do not
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Summary
BACKGROUND
The Council of Great Lakes Research Managers was established in l984 to
enhance the ability of the International Joint Commission and its Science
Advisory Board to provide guidance and advice on Great Lakes research. The
Council is responsible for collecting and disseminating information on
research programs relevant to the Great Lakes, identifying research needs and
assisting in the coordination of research efforts in the Great Lakes basin.
This workshop was held with its principal objectives being to review the
effectiveness of Great Lakes research programs, using polychlorinated
biphenyls (PCBs) as a case study and to recommend appropriate mechanisms for
improving research coordination and cooperation among Great Lakes research
institutions.
On the first day of the workshop, nine speakers were invited to present
papers on research results and review progress and accomplishments with regard
to exposure, sources, measurements, effects and management of PCBs. Areas
that require additional research efforts were identified and research
difficulties and limitations were candidly discussed. On the second day of
the workshop, participants were divided into three work groups to address the
following issues:
° Sources, Measurements, Characterization, Transport and
Modeling;
Exposure and Effects; and
Management and Remedial Measures, including Social and
Economic Considerations.
Each work group utilized the information presented at this workshop to
develop a list of recommendations on the type of research needed to provide
the scientific information required for the management of toxic substances
problems in the Great Lakes ecosystem. Also, they exchanged information on
their current research programs, resources and facilities and explored
mechanisms for coordinating their research efforts to achieve mutual goals
more cost effectively.
CONCLUSIONS AND RECOMMENDATIONS
Based on information presented by the speakers and results of work group
discussions, the workshop participants formulated the following conclusions
and recommendations:
— vii —
 
  
Human Exposure:
There are five major non—occupational routes of human exposure to
contaminants: air, drinking water, soil, food and consumer products.
These sources usually contribute to total body burden. However, the
relative contributions from these various sources are still unclear.
To date, Great Lakes research on exposure has dealt with human intake of
pollutants through the consumption of contaminated fish,. examining
concentrations of contaminants in drinking water, levels of contaminants
in human tissue and in mother's milk and extrapolational data from animal
exposure studies. Most of the recommended maximum exposure limits or
acceptable daily intake of chemicals for humans are based on drinking
contaminated water or eating contaminated fish with limited reference to
other routes of human exposure.
Now, however, there is growing evidence that humans
are exposed to
variable but significant amounts of persistent toxic chemicals in food and
in a variety of consumer products.
The workshop participants, therefore, recommended that:
°
more of' the existing research effort should be expended on
the investigation of the relative contributions of the various
routes of human exposure to contaminants, and
°
the exposure
fromsources other than contaminated drinking
water and fish should be taken into consideration when maximum
exposure limits or acceptable intake doses are established.
gm:
Toxic chemicals
enter the Great Lakes
from many
sources.
These include
industrial
and municipal
point sources, tributaries as well
as urban and
agricultural runoffs, contaminated groundwater, contaminated sediments and
atmospheric
deposition.
Research
efforts
dealing
with
sources
of
pollutants
focused
on
the
development
of
methods
for
identifying,
measuring and controlling the input of contaminants into the Great Lakes
from the various sources.
These efforts have been successful with regard
to monitoring and controlling inputs
from point sources.
However,
very
little
progress
has
been
made
with
regard
to controlling
inputs
from
diffuse
sources.
Tracking,
monitoring
and
controlling
nonpoint
sources
are extremely difficult and costly.
The participants, therefore recommended that:
0
research
scientists
seek
more
innovative
approaches
and
techniques for tracking and monitoring contaminant inputs from
diffuse
sources
into
the
Great
Lakes.
Special
attention
should be given
to
atmospheric
deposition,
groundwater
and
tributary inputs.
  
Environmental Measurements:
During the last two decades, environmental measurements of toxic chemicals
have centered around their concentrations in water, aquatic organisms,
sediment, air and to a lesser extent, terrestrial species and humans. The
main purpose of making these measurements was to determine their levels
and distribution among the various components of the environment. Based
on
this
info
rmat
ion,
as w
ell
as
on
the
toxi
colo
gica
l p
rope
rtie
s o
f t
he
chemicals, scientists attempted to assess the potential effects of
contaminants on ecosystem health.
In the past, it was difficult to accurately measure or even detect very
low concentrations of certain contaminants in environmental samples or to
distinguish individual isomers or congeners of complex groups and mixtures
such as polychlorinated biphenyls (PCBs). Individual isomers may share
some similarities in structure and behaviour but often differ in the
intensity of their toxicological effects. Scientists recognized that
reported values of total PCBs with different congener composition are not
comparable.
Recent advances in analytical procedures and refinement of instruments
have significantly improved detection limits and allowed for better
resolution and identification of individual components of complex
mixtures. Unfortunately, either because of the high cost of the new
technology or because some laboratories are reluctant to utilize the more
sophisticated but tedious procedures, many environmental measurements are
still being conducted, using outdated analytical techniques.
The participants, therefore, recommended that:
° some of the existing research effort should be directed
toward the design of selective but more efficient
environmental sampling programs to reduce the number of
sampling stations and samples collected but still provide
adequate information for environmental assessment purposes;
environmental measurements should focus on those parameters
and individual components that are of more concern to
ecosystem health; and
°
lab
ora
tor
ies
sho
uld
be
enc
our
age
d t
o c
ont
inu
all
y u
pda
te
the
ir
equipment and revise their analytical procedures.
Characterization. Transport and Modeling:
Rese
arch
has
been
focu
sing
on
the
char
acte
riza
tion
of
toxi
c c
hemi
cals
and
the
stu
dy
of
the
ir
beh
avi
our
in
the
env
iro
nme
nt
wit
h r
ega
rd
to
tra
nsp
ort
,
par
tit
ion
ing
,
deg
rad
ati
on,
bio
tra
nsf
orm
ati
on
and
bio
acc
umu
lat
ion
.
Thi
s
inf
orm
ati
on
is
used
in
con
jun
cti
on
wit
h d
isc
har
ge
dat
a a
nd
mea
sur
eme
nts
of
con
cen
tra
tio
ns
in
the
env
iro
nme
nt
to
dev
elo
p
mat
hem
ati
cal
mod
els
for
pre
dic
tin
g
the
fat
e
and
eff
ect
s
of
the
se
che
mic
als
on
the
eco
sys
tem
.
Whil
e m
odel
ing
conc
epts
are
cons
ider
ed
to
be
adva
nced
, g
ood
data
sets
-
required for their application are still incomplete.
_ix-
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As indicated above, it is very difficult and costly to monitor all sources
and calculate their loadings into the Great Lakes. To overcome these
difficulties, research scientists are attempting to develop models based
on trends of contaminant levels in sediment or biota. Their assumption is
that a relationship exists between contaminant loadings and their
concentrations in sediment or biota. While this relationship seems simple
and logical, there are many factors that may influence this relationship
and should be taken into consideration when the models are developed.
The participants, therefore, recommended that:
° current research effort should continue to explore the
feasibility of developing mathematical models for calculating
mass balances of toxic chemicals in the Great Lakes and of
establishing relationships between toxic chemical loadings and
their concentrations in the various compartments of the
environment .
Ecological Effects:
Research studies conducted on PCBs have demonstrated that structural
and/or functional changes could be imparted on Great Lakes biota when they
are exposed to persistent toxic chemicals. At ambient concentrations,
PCBs have been shown to reduce the gross primary productivity of certain
groups of phytoplankton. They also have been shown to reduce the grazing
capability of zooplankton and food ingestion in some herbivorous species.
In the wild, PCBs and DDT have been correlated with the mortality of the
chinook salmon and reduced the survival
rateof lake trout fry.
Also, due
to exposure to DDE in the Great Lakes, nine of l3 fish—eating bird species
have shown decreased eggshell thickness, which affected their reproduction
successes.
The nature and magnitude of the deleterious effects of a toxic chemical
usually depend on the properties of the chemical as well as on its dosage
(i.e. concentration and time of exposure). While a significant amount of
research had been expended on the study of toxicological effects of
individual chemicals on a limited number of species in the laboratory, few
investigations involved the study of chemical mixtures and their effects
on groups of organisms or populations exposed to ambient concentration
levels under prevailing environmental conditions.
While laboratory tests are considered essential for understanding how
certain chemicals can affect specific biological systems, well—planned
field studies can provide a more realistic assessment of the effects of
these chemicals on the health of the ecosystem. Field studies will
reflect the ultimate effects of a multitude of complex interacting factors
(e.g. synergism) that cannot be duplicated in the laboratory.
Another important issue that has not yet been
adequately investigated
relates to the ability of Great Lakes aquatic organisms to tolerate or
adapt to long—term exposure of persistent toxic chemicals.
 Based on the above, the participants recommended that:
° both laboratory and field investigations should be used to
assess the effects of mixtures of persistent toxic chemicals
on aquatic organisms and to determine the extent to which
different organisms or groups of organisms can adapt to
long—term exposure to ambient levels of persistent toxic
chemicals.
Human Health Effects:
PCBs were found in several human tissues and organs, including mother's
milk, placenta tissue, blood serum and adipose tissue. PCB levels vary
widely among individuals depending on the extent of their exposure. A
recent study conducted in Michigan indicated a positive correlation
between PCB levels and the quantity and type of Great Lakes fish
consumed. The study also concluded that there is a positive correlation
between PCB concentrations in the body and the period of exposure. The
longer the individuals had been consuming fish, the greater were the PCB
levels in their blood serum.
The research also indicated that each individual has a baseline level of
PCBs circulating in his or her body. This baseline will surge shortly
after each exposure to a new dose of PCBs, e.g. after eating a meal of
contaminated fish. The elevated level, therefore, will exceed what
normally is circulating in the body and can reach harmful levels.
Although PCBs are not primary carcinogens, they are believed to be tumour
promotors. Because of this property and because they are bioaccumulative
and persistent, there is a concern about their potential effects on human
health.
Based on the above, the participants recommended that:
° collaborative research is required to develop a good data
base on levels of contaminants in human bodies and to
correlate these levels with observed physiological
deficiencies, genetic aberrations, biological function
impairments or any other medical problem.
Social and Economic Considerations:
Research programs of governmental agencies responsible for environmental
protection usually emphasize technological development with some
considerations given to the relative cost—effectiveness of alternatives.
The broader question of the socio—economic consequences of the
technologies, however, are not generally considered. On the other hand,
nongovernmental environmental organizations take greater interest in
socio-economic issues because they realize that social and economic
impacts are important motivating factors.
Although members of the public have been regularly polled on their
attitudes and opinions on environmental issues and have usually expressed
 
  
strong commitment to environmental
quality,
there have been few studies
and
experiments on how best to involve the public
in Great Lakes
Basin
Ecosystem issues.
The Pollution from Land Use Activities Reference Group
Panels were one
of the best
and most
successful
basinwide
attempts
to
get
the
public
involved.
Unfortunately,
continuity
of
this
effort
was
not
maintained.
Since the
completion
of this
workshop
in
November
1985,
the
International
Joint
Commission
and
other
Great
Lakes
organizations
have
initiated
and/or
supported
several
programs
which
encouraged
public
participation.
For
example,
the
guidelines
developed by the Commission
for the
development
of
remedial
action
plans
for
the 42
Areas
of
Concern
in
the
Great
Lakes
recommend
public
participation
(for
additional
information
on
this
initiative,
please
refer
to
the
1987
report
of
the
Water Quality Board).
The
numerous
incidents
of
spillage
and
reported
cases
of
contamination
involving
PCBs
have
provoked
wide
media
coverage
and
public
concern.
It
is
clear
from
the
tenor
of
public
reaction
and
the
character
of
unedia
coverage,
that
the
people
have
very
little
information
about
the
actual
health
hazard
and
risk
associated
with
PCBs.
There
is
a
great
deal
of
public anxiety about PCBs and a reluctance
to accept
risks
associated with
any
PCB
disposal
initiatives.
This
anxiety
is
attended
by
what
some
believe
to
be a crisis
in public
confidence
in
the
efficacy
of
laws
and
regulations
intended
to
safeguard
public
health
and
protect
the
environment.
Only
recently have
the courts
begun
to
demand
incarceration
of
those
convicted
of
willfully
violating
laws
concerning
disposal
of
hazardous wastes such as PCBs.
Based on the above,
the participants recommended
that:
°
more
public
awareness
programs
are
needed
to
provide
adequate
information
on
the
actual
risks
associated
with
PCBs
and
to
describe
effective
technical
initiatives
available
to
dispose
of
PCB
wastes.
Every
opportunity
should
be
given
for
the
public
to
participate
in
the
decision—making
process,
and
°
more
research
is
needed
to
determine
why
people
in
the
Great
Lakes
basin
are
less
confident
in
the
efficacy
of
laws
and
regulations
intended
to
safeguard
public
health
and
ecosystem
integrity
and
why
they
are
unwilling
to
accept
facilities
for
the
destruction
of
PCBs,
whether
fixed
or
mobile,
using
technologies
that
have
been
accepted
by
other
countries.
Control and Management
Regulatory
programs
have
been
established
in
Canada
and
the
United
States
to
limit
and
control
the
manufacture,
use
and
disposal
of
PCBs.
The
intent
of
these
programs
is
to
prevent
new
releases
of
PCBs
into
the
environment.
The
goal
is
to
protect
public
health
by
reducing
the
risk
of
human
exposure
to
these
chemicals.
Nonregulatory
programs
have
also
been
established
to
assist
in
the
overall
management
of
PCBs.
For
example,
inventory
systems
have
been
created
to
document
the
location
of
PCB—containing
equipment
and
to
track
their
movement
when
they
are
taken
out
of
service.
Also,
emergency
spill
response
actions
and
training
programs
have
been
initiated
to
deal
with
spill
incidents
in
the
quickest
and
most
appropriate
manner.
 
 The main problem now facing regulatory agencies in Canada and the United
States is the control of PCB—containing equipment still in service and the
disposal of PCB waste currently in storage.
Accordingly, the workshop participants recommended that:
° more effort should be directed toward the development of a
forced attrition policy to phase out the use of all
PCB—containing equipment, and
° a complete performance standard must be developed for PCB
destruction technology to ensure public safety.
Remedial Options
Effective remedial action plans and implementation strategies require
close collaboration among managers, scientists and the public. The Green
Bay experience is a good example of such collaboration and is worthy of
careful examination. Similar pilot studies are needed at other selected
sites such as the Hamilton Harbour and the Grand Calumet River. The
results of these studies should be monitored and evaluated for the
social-learning processes inherent in them and analysed with reference to
the Green Bay experience.
The participants recommended that:
° the collaboration among managers, scientists, politicians and
the public in Green Bay and other Areas of Concern should be
applied to develop site—specific remedial action plans for the
42 Areas of Concern identified by the Water Quality Board.
Dissemination of Research Information:
Norkshop participants agreed that there is a need for better dissemination
of information on research underway or recently completed. Such
information would be useful to the Great Lakes scientific community and
would facilitate the coordination of research activities.
The participants, therefore, recommended that:
° the Council of Great Lakes Research Managers, with assistance
of the Great Lakes Regional Office, consider the preparation
of annual inventories that:
— identify government and nongovernment research
institutions and funding agencies in the United States
and Canada involved in Great Lakes research;
— provide summaries of all research programs relevant to
the Great Lakes, including detailed information on
objectives and resources allocated to each research
project; and
— disseminate this information in written and electronic
form from the Great Lakes Regional Office.
—xiii —
 
 11. Research Coordination:
Recognizing that Great Lakes research programs suffer from a iack of
coordination and focus, workshop participants recommended that:
° the Council of Great Lakes Research Managers should establish
a clear statement of goals and objectives which would serve as
the basis for developing a program of binational cooperation
for all Great Lakes research. This statement and program
could then be brought forward to the co—chairmen of the Great
Lakes Science Advisory Board and subsequently transmitted to
the Great Lakes Water Quality Board and International Joint
Commission for consideration and appropriate action, and
° a set of research needs integrating requirements for human
health, fisheries and wildlife management be developed to
support the above statement of goals and objectives, and that
the Council establish priorities for those needs and develop a
program of coordination to meet high priority needs.
 
WELCOME AND INTRODUCTIONS
NORBERT JANORSKI
United States Environmental Protection Agency (U S. EPA)
Environmental Research Laboratory, Duluth, Minnesota
My name is Norm Jaworski. I am the Director of the U.S. EPA Environmental
Research Laboratory in Duluth, Minnesota. I welcome you to this workshop on
Great Lakes Research Coordination. The Council of Great Lakes Research
Managers has been planning this workshop for about a year now and we have a
good representation of research managers from Canada and the United States.
Before I introduce Chairman Bissonnette, I would like to share with you my
thoughts on why the Council is holding this workshop.
Last night when we got together in the hospitality room, someone asked me
why this workshop is focusing on PCBs. It was a very good question. You may
recall that the book, “In Search of Excellence,” has focused on the top
companies and why they were successful. It did not address companies that
were not successful, or why they failed. In this conference, we are not
necessarily looking at the end of a successful era in the control or
management of PCBs, but we are looking at a case history where significant
progress has been made to manage and control these hazardous compounds.
In the U.S. EPA, the key word in separating Risk Assessment from Risk
Management, from a research viewpoint, is the word “uncertainty.” If you look
at one group of compounds like PCBs and consider their sources, movement,
measurement, health effects, ecological effects and methods of control, you
will find that uncertainty is present in all of these areas. Yet, there were
decisions made down the line regarding the management of PCBs. As
researchers, we have an obligation to help the managers understand the word
uncertainty. The history of PCBs gives us an opportunity to look at the
uncertainty issue in research, how it has progressed and how we got to where
we are, so that the next PCB problem (or whatever it may be) can be addressed
with the idea of reducing uncertainty.
Thus it is appropriate that we step back — look in time — at the
uncertainty questions that will unfold before us over the next couple of days
and
then
we
will
have
a be
tter
feel
for
why
we
are
here
toda
y an
d h
ow w
e ca
n
addr
ess
the
issu
e of
unce
rtai
nty
in r
esea
rch.
That
is,
esse
ntia
lly,
what
we
are
loo
kin
g f
or
and
how
we
can
pro
vid
e a
mec
han
ism
thr
oug
h t
he
Coun
cil
to
help
reduce the uncertainty issue.
All
of
you
hav
e a
cop
y o
f t
he
wor
ksh
op
pro
gra
m a
nd
kno
w w
hy
we
are
here
.
It
is
a g
rea
t p
lea
sur
e t
o t
he
Cou
nci
l a
nd
to
mys
elf
, t
o h
ave
you
her
e a
nd
I
thi
nk
we
will
hav
e a
goo
d c
oup
le
of
days
.
Now,
I w
oul
d
like
to
int
rod
uce
Com
mis
sio
ner
Pie
rre
-An
dre
Bis
son
net
te,
Cha
irm
an
of
the
Can
adi
an
Sec
tio
n o
f t
he
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
to
for
mal
ly
ope
n t
he
wor
ksh
op.
 

INTRODUCTORY REMARKS
PIERRE—ANDRE BISSONNETTE
Chairman, Canadian Section, Internationai Joint Commission
It is indeed a pieasure to be here today and to weicome you to
the Workshop on Great Lakes Research Coordination. Under the Great
Lakes Water Quaiity Agreement between Canada and the United States,
the Internationai Joint Commission is responsibie for the provision
of assistance in the coordination of Great Lakes research and making
sure that water quaiity probiems are addressed adequateiy. Research
is fundamentai to the study of the Great Lakes and the Commission is
extremeiy interested in the extent to which this research is meeting
Great Lakes needs.
I am deiighted that this meeting is taking piace today. The
Councii of Great Lakes Research Managers, which was established iess
than two years ago, consists of oniy eight members, but I am pieased
to see that they have taken the initiative to invite such a iarge
number of renowned scientists invoived in Great Lakes research. I
expect a iot to be accompiished from this meeting with their peers.
I hope that aii of you heretoday wiii address not oniy your own
research probiems, which are our probiems aiso, but at the same time
wiii provide the Councii with your suggestions and recommendations
regarding research focus and direction, in order to satisfy our
common objectives. Thank you.
 

  
PART ONE. OVERVIEW PAPERS ON PCB RESEARCH
  

1. HUMAN EXPOSURE
DOUGLAS HALLETT
Eco Logic, Inc. (ELI), Acton, Ontario
In the same way we look at fish or herring gulls as examples of the
species being exposed to contaminants in the Great Lakes, we must look at
human beings also as a species exposed to the same contaminants as a result of
living in the Great Lakes basin. Persistent toxic chemicals such as PCBs,
DDT, toxaphene, mirex, chlorobenzenes and chlorinated dioxins have been found
throughout the Great Lakes ecosystem and their residues are evident in fish,
herring gulls, food, rainfall, snow, water and human beings. There is a
well—developed data base for PCBs, and since their properties are relatively
similar to those of several other persistent organochlorine contaminants, PCBs
could serve as an example for most other persistent toxic organic substances.
The sediment record on the Great Lakes clearly shows that the most severe
contamination from toxic chemicals of industrial origin occurs either
downstream of the major connecting channels or in those harbours and
tributaries having intense populations and industries associated with them.
The former includes the Niagara River, the Detroit River, the St. Clair River
and the St. Marys River. Naukegan Harbor, Cleveland Harbor, Hamilton
Harbour, the Saginaw, Rouge and Raisin Rivers in Michigan, and the Humber and
Serp
ent
Rive
rs
in
Onta
rio
comp
rise
the
latt
er.
The
toxi
c c
hemi
cals
most
prevalent in each area are the chemicals associated with the industries
adjacent to those water bodies (IJC, PLUARG 1978). The PCBs in Naukegan
Harbor or the Humber River are associated with direct industrial and municipal
discharges. Heavily contaminated lake, river and harbour sediments (figure l)
will continue to be localized sources of PCBs due to sediment resuspension.
 
FI
GU
RE
l:
Gr
ea
t
La
ke
s
ha
rb
ou
rs
wi
th
PC
B
co
nc
en
tr
at
io
ns
gr
ea
te
r
th
an
50
pg
/L
(T
ho
ma
s
an
d
Fr
an
k,
l9
82
).
 
 The Niagara River area is one of the most closely studied sites with high
toxic chemical contamination. Temporal trends in Lake Ontario are confusing.
On first glance one can see a dramatic improvement in residues of PCBs, mirex
and dioxin, particularly in wildlife and fish between l97O and l980 (figure
2). However, from l980 to l984, the downward trend stopped for all of these
»residues. When we examine sediment records at the source of Lake Ontario, we
find that deposition rates for PCBs and mirex from l950 to l96O are comparable
with the present—day rates. However, at about 1960, tremendous pulses of
PCBs, mirex, chlorobenzenes and hexachlorobutadiene are shown in the sediment
record. Deposition rates taper off to l97O when they plateau at about the
rates of the l9SOs (Durham and Oliver, l983). If one examines the water in
the Niagara River today, one still finds PCBs, mirex, chlorinated dioxins and
dibenzofurans. The most likely current sources are leachates from a series of
landfills located in this area, which contain over 250 million tons of
chlorinated waste (Hallett and Brooksbank, T986).
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FIGURE
2:
Contaminant
trends
in
the
Lake
Ontario
ecosystem.
Sediment,
lake trout
and
herring
gull
data
are
from
Durham
and
Oliver
(l983),
Department of Fisheries and Oceans, and
the Canadian Wildlife Service, respectively.
 Nhi
ie
ieve
is
of
PCBs
in
her
rin
g g
uii
eggs
of
Lake
Ont
ari
o h
ave
dec
rea
sed
ove
r t
he
dec
ade
197
4—1
984
, e
ggs
fro
m L
ake
s S
upe
rio
r a
nd
Hur
on
have
not
sho
wn
a
sig
nif
ica
nt
dec
rea
se
in
tha
t t
ime
(fi
gur
es
3 a
nd
4).
The
tre
nd
is
tow
ard
a
mor
e u
nif
orm
ieve
i o
f P
CBs
thr
oug
hou
t t
he
Gre
at
Lake
s.
The
dif
fer
enc
e b
etw
een
mea
n
PCB
con
cen
tra
tio
ns
in
gui
is
of
Lak
es
Ont
ari
o a
nd
Sup
eri
or
has
nar
row
ed
fro
m 1
10
pg/
g i
n 1
975
to
oni
y 2
5 p
g/g
in
1983
.
Lake
tro
ut
fro
m
the
same
two
iak
es
hav
e
dec
iin
ed
fro
m
6.1
4
pg/
g
in
197
8
to
4.5
9
pg/
g
in
198
3.
Sin
ce
oni
y t
hre
e o
r f
our
yea
rs
of
rai
nbo
w s
mei
t d
ata
are
ava
iia
bie
for
mos
t o
f
the
iake
s,
no
tre
nd
was
est
abi
ish
ed
on
this
spe
cie
s.
Nhi
ie
a g
ene
rai
dec
rea
se
in P
CB
1eve
is
in
biot
a of
Lake
Onta
rio
and
Huro
n is
obse
rved
, t
ake
trou
t a
nd
rai
nbo
w s
mei
t
fro
m L
ake
Sup
eri
or
have
had
an
inc
rea
se
in
PCB
con
tam
ina
tio
n
sin
ce
1981
,
ind
ica
tin
g
inc
rea
sin
g
dep
osi
tio
n o
f
PCBs
int
o
this
take
fro
m
unknown sources.
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The data for biota and water indicate that
residue
levels of persistent
toxic substances such as PCBs in the relatively non—industrialized upper Great
Lakes are now reaching
levels similar to those in the heavily industrialized
lower Great Lakes.
This is the result of continuing accumulation of PCBs from
the atmosphere.
There have been a number of studies on the concentrations and
deposition of trace organic pollutants
from
air and
precipitation
into
the
Great Lakes.
Rural
concentrations of atmospheric PCBs have been found to be
approximately equal to those over
the Great Lakes (Eisenreich
et al.
l980).
The
dry
and
wet
deposition
of
airborne
PCBs
to
each
of
the Great
Lakes
are
shown
in figure 5.
Atmospheric deposition is the primary
input
pathway
of
PCBs
in
the
upper
Great
Lakes.
Persistent
contaminants
can
also
enter
the
environment through urban runoff.
The annual
rates of PCB loadings have been
determined
in
runoff from
selected
urban
areas
in
the
lower
Great
Lakes
basin
(Marsalek l983).
The highest estimates of PCBs were found in runoff of highly
industrialized urban centres.
  
IDry Deposmon
U Wet Deoosmon
 
FIGURE
5:
Dry
and
wet
deposition
of
airborne
PCBs
to
the
Great
Lakes
(from Eisenreich et al. l980).
As
I
indicated
at
the
beginning
of
my
presentation,
just
as
wild
populations
are
exposed
to
persistent
toxic
chemicals,
human
populations
are
exposed
to
the
same
chemicals
but
through
different
pathways.
Human
concern
for
this
exposure
stems
from
the
chronic
and
subchronic
effects
demonstrated
in
laboratory
animals
exposed
to
persistent
toxic
chemicals
such
as
PCBs.
Multiple
subtle
chronic
effects
may
manifest
themselves
in
terminal
illnesses
such
as
cancer,
liver
sclerosis,
behavioural
and
neural
disorders
or
diseases
caused
by
the
suppression
of
the
immune
systems.
Such
effects,
however,
are
very
difficult
to
discern
in
human
populations
with
statistical
rigour
and
have
not
been
demonstrated
for
PCBs.
In
order
to
find
the
direct
cause
of
these
diseases
one
must
determine
the
nature
of
all
chronic
effects
or
stresses
which
together
caused
the
disease
and
determine
the
most
probable
exposure
factors
including
toxic
chemicals.
This
investigation
cannot
generally
be
carried
out
until
the
disease
is
obvious
at
a
population
level.
Because
of
the
lag
phase
between
cause
and
effect
on
population,
the
cause
of
the
disease
may
have
declined
or
may
have
been
totally
eliminated.
Therefore,
it
is
important
to
understand
the
latent
lO
 
effe
cts
that
may
resu
lt
from
huma
n e
xpos
ure
to
pers
iste
nt
toxi
c c
hemi
cals
sinc
e s
ome
of t
hese
chem
ical
s h
ave
the
pote
ntia
l t
o pr
oduc
e h
uman
dise
ase
in
the
futu
re,
or
may
be
subt
ly
cont
ribu
ting
to
huma
n d
isea
se
curr
entl
y.
Our
know
ledg
e o
f c
ance
r a
nd
most
othe
r c
hron
ic
illn
esse
s i
s b
ased
on
labo
rato
ry
expe
rime
nts
on
anim
als
or
othe
r
pred
icti
ve
orga
nism
s
whic
h
prov
e t
he
cau
se—
eff
ect
rel
ati
ons
hip
bet
wee
n e
xpo
sur
e t
o a
toxi
c c
hem
ica
l
and
the
chr
oni
c
eff
ect
as
well
as
on
mor
e e
xpe
nsi
ve
mul
ti—
yea
r s
tud
ies
of
the
dis
eas
e i
tsel
f.
Dire
ct
huma
n
stud
ies
have
been
impo
ssib
le
exce
pt
for
trag
ic
acci
dent
al
exp
osu
res
or
iso
lat
ed
occ
upa
tio
nal
hea
lth
pro
ble
ms.
This
form
s t
he
basi
s o
f s
cien
tifi
c co
ncer
n fo
r lo
ng—t
erm
huma
n ex
posu
re
to
tox
ic
che
mic
als
.
Ind
ust
ria
l
soc
iet
y a
s a
who
le
has
beg
un
to
tak
e m
eas
ure
s t
o
prev
ent
expo
sure
to t
oxic
subs
tanc
es.
By r
educ
ing
long
—ter
m ex
posu
re
to t
oxic
che
mic
als
, d
ise
ase
man
ife
ste
d b
y t
he
chr
oni
c e
ffe
cts
cau
sed
by
the
se
che
mic
als
will
be
prev
ente
d.
Prev
enti
on
rath
er
than
reac
tion
is
the
best
scie
ntif
ic
app
roa
ch
to
the
pro
ble
m
sin
ce
rea
cti
on
is
alw
ays
too
lat
e.
In o
rder
to p
reve
nt
huma
n e
xpos
ure
to p
ersi
sten
t t
oxic
chem
ical
s,
we m
ust
fir
st
ide
nti
fy
the
tox
ic
che
mic
als
to
whi
ch
we
are
exp
ose
d a
nd
det
erm
ine
the
bas
is
of
hum
an
exp
osu
re
and
the
env
iro
nme
nta
l
pat
hwa
ys
whi
ch
cau
se
thi
s
exposure.
Herr
ing
gull
s a
nd
the
coho
salm
on
livi
ng
in
Lake
Onta
rio
have
a c
ommo
n
food
sou
rce
, i
.e.
ale
wiv
es
and
sme
lt
whi
ch
are
the
next
low
er
step
on
the
food
chai
n.
Ale
wiv
es
and
sme
lt
are
the
com
mon
sou
rce
of
PCBs
,
DDE,
mir
ex,
pho
tom
ire
x a
nd
chl
oro
ben
zen
es
to
the
gul
ls
and
sal
mon
(ta
ble
l)
(No
rst
rom
et
al.
l978
).
Whe
n w
e e
xam
ine
res
idu
es
in
the
hum
an
pop
ula
tio
n i
n O
nta
rio
(ta
ble
l),
we
fin
d
exa
ctl
y
the
same
res
idu
es
tha
t a
re
fou
nd
in
her
rin
g
gull
s
and
fish
.
Thi
s
dem
ons
tra
tes
tha
t
hum
ans
are
exp
ose
d
to
the
sam
e
per
sis
ten
t
che
mic
als
as
fis
h
and
wil
dli
fe
fro
m
the
sam
e
reg
ion
.
 
Fra
nk
et
al.
(l9
83)
col
lec
ted
dat
a
on
PCB
res
idu
es
in
hum
an
adi
pos
e
tis
sue
s
fro
m
l97
6
to
l98
l
(fi
gur
e
6).
The
dat
a
do
not
sho
w
sig
nif
ica
nt
dif
fer
enc
es
in
res
idu
e l
eve
ls
bet
wee
n
sex
es
nor
a t
ren
d
thr
oug
h
tim
e,
alt
hou
gh
l
the
sam
ple
siz
e
use
d
is
ins
uff
ici
ent
to
dra
w
any
con
clu
sio
ns
on
tre
nds
.
Man
y
res
idu
es
are
pre
val
ent
in
adi
pos
e
tis
sue
of
hum
ans
acr
oss
Can
ada
,
as
sho
wn
in
table 2 (Mes et al. l982).
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FI
GU
RE
6:
PC
B
co
nc
en
tr
at
io
n
in
hu
ma
n
ad
ip
os
e
ti
ss
ue
fr
om
On
ta
ri
o
l9
76
—l
98
l
(Frank et al. l983>.
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TABLE 1: Human, wi1d1ife and fish residues in Ontario.
HUMAN RESIDUES IN ONTARIO (mg/kg)
Adipose Tissuel Breast mi11<2
. . —fat basis—
COMPOUND KINGSTON : OTTAWA : ONTARIO ONTARIO
PCB 3.0 E 2.0 f 2.1 0.756
DDT
3.429
5 2.694
E
4.069
0.983
Mirex 0.027 5 0.011 f 0.02 —
Photomirex 0.009 3 0.006 E — -
HCB
0.106
E 0.078
i
0.013
0.0184
BHCH
0.136
5 0.065
E
—
_
T0004
12 x 10‘6 58.6 x 10‘65
_
—
HeptachIor epoxide
0.035
3 0.037
E
0.07
0.012
Die1drin
0.036
5 0.043
E
0.10
0.194
n=12 E n=10 E n=47 n=125
  
WILDLIFE
AND
FISH
RESIDUES
IN
ONTARIO3
(mg/kg
wet
weight)
 
A1ewives and Herring gu11
COMPOUND
Sme1t
Coho Sa1mon
eggs
PCB
2.21
5.7
138
DDE
.47
.97
17.4
Mirex
.09
.23
4.4
Photomirex
.03
.11
1.6
HCB
.024
.097
0.52
BHCH
.002
.012
0.078
T0005
14
x
10‘6
30
x
10‘6
55
x
10‘6
Heptach1or
epoxide
.003
.015
0.007
Dieldrin
.029
.087
0.060
  
(
.
ﬂ
t
h
H
Ni11iams
et
81.
1984,
and
Le
Be1
and
N111iams,
1986
Frank,
persona1
commun1cation
Norstrom et a1. 1978
Ryan and Ni11iams, 1983
Nationa1
Research
Counci1
Canada
1982
 
TABLE 2: Residues in adipose tissues from humans across Canada
(from Mes and Davies, 1979).
 
Amount* Percentage of samples
COMPOUND (pg/kg wet weight) containing residues
PCB
907
100
Hexa
chlo
robe
nzen
e
62
100
BHC
(lin
dane
)
65
88
Oxyc
hlor
dane
55
97
Tran
s—no
nach
lor
65
99
Hept
achl
or e
poxi
de
43
100
Die
ldr
in
69
100
pp‘—
DDE
2095
100
o,p
'—D
DT
31
63
pp'
-TD
E
6
26
pp'
—DD
T
439
100
    
* values are means
In
a s
tud
y
of
mot
her
s'
mil
k
in
She
boy
gan
,
Wis
con
sin
,
wom
en
who
con
sum
ed
fis
h
at
lea
st
twi
ce
a
mon
th
had
a
PCB
con
ten
t
in
the
ir
bre
ast
mil
k
of
1.2
6
mg/
kg
(Sm
ith
198
4).
The
mot
her
s'
mea
n
PCB
blo
od
ser
um
lev
els
wer
e
0.6
pg/
kg
for
fis
h—e
ate
rs
and
0.5
pg/
kg
for
non
fis
h—e
ate
rs.
A
stu
dy
of
Gre
at
Lak
es
fis
h—e
ate
rs
sho
wed
a
sig
nif
ica
nt
dif
fer
enc
e
bet
wee
n
ser
um
PCB
lev
els
of
lak
e
tro
ut
eat
ers
com
par
ed
wit
h
con
tro
ls
(Hu
mph
rey
198
3).
The
exp
ose
d
gro
up
con
sum
ed
gre
ate
r
tha
n
10.
91
kg/
a
of
fis
h
tha
t
ran
ged
fro
m
0.4
to
5.4
mg/
kg
in
PCB
con
ten
t.
Ser
um
res
idu
e
lev
els
fro
m
nur
sin
g
mot
her
s
who
wer
e
not
fis
h-e
ate
rs
ran
ged
fro
m
10
to
23
pg/
kg
whe
rea
s
res
idu
e
lev
els
in
ser
um
fro
m f
ish
—ea
tin
g m
oth
ers
ran
ged
fro
m 41
to
105
ug/
kg.
PCB
s
hav
e
bee
n
rep
ort
ed
in
hum
an
mil
k
(Ri
tce
y
et
al.
197
2;
Mus
ial
et
al.
197
4;
Mes
and
Dav
ies
,
197
9;
Fra
nk
et
al.
198
3).
A
nat
ion
wid
e
sur
vey
by
Mes
and
Da
vi
es
(1
97
9)
of
PC
Bs
in
the
mi
lk
of
Ca
na
di
an
mo
th
er
s
in
di
ca
te
d
tha
t
the
hig
hes
t
ave
rag
e
PCB
lev
els
wer
e
fou
nd
in
Ont
ari
o
and
wes
ter
n
Can
ada
(f
ig
ur
e
7)
.
Fr
an
k
et
al
.
(1
98
3)
an
al
ys
ed
sa
mp
le
s
of
mi
lk
an
d
hu
ma
n
ad
ip
os
e
ti
ss
ue
fr
om
On
ta
ri
o
re
si
de
nt
s
and
fo
un
d
no
ap
pa
re
nt
di
ff
er
en
ce
s
in
or
ga
no
ch
lo
ri
ne
re
si
du
es
be
tw
ee
n
rur
al
and
ur
ba
n
po
pu
la
ti
on
s.
Th
ey
al
so
fo
und
no
si
gn
if
ic
an
t
di
ff
er
en
ce
s
in
hu
ma
n
mi
lk
sa
mp
le
s
fr
om
ye
ar
to
ye
ar
(t
ab
le
3)
(F
ra
nk
et
al
.
19
85
).
In
On
ta
ri
o,
mo
th
er
s'
mi
lk
wa
s
fo
un
d
to
co
nt
ai
n
0.
58
3
mg
/k
g
PC
BS
on
a
mi
lk
fa
t
ba
si
s,
al
mo
st
25
ti
me
s
th
e
le
ve
ls
in
On
ta
ri
o
co
ws
mil
k.
Ot
he
r
pe
rs
is
te
nt
re
si
du
es
are
pr
ev
al
en
t
in
mo
th
er
s'
mi
lk
(t
ab
le
1)
wh
ic
h
pa
ra
ll
el
the
re
si
du
e
pa
tt
er
ns
fo
und
in
hum
an
bo
dy
fa
t.
Si
nc
e
he
rr
in
g
gu
ll
s
an
d
co
ho
sa
lm
on
ac
cu
mu
la
te
th
es
e
re
si
du
es
fr
om
th
ei
r
co
mm
on
fo
od
su
pp
ly
,
it
se
em
s
lo
gi
ca
l
to
co
ns
id
er
th
e
hu
ma
n
ex
po
su
re
ro
ut
es
thoroughly, particularly the food supply.
 Ontario 1975~80
16 32 PCB
28 pg/L
24
20
16
l
M
N
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FIGURE 7:
Aroclor l26O in mothers'
milk
l975 Canada—wide
(from Mes and Davies, l979).
TABLE 3:
Mean concentrations and estimated exposure to PCBs in human milk
samples from Ontario residents
l97l—l985
(Frank, pers.
comm.).
 
c 0 N c E N T R A T I 0 N
Mean
(mg/kg)
5
Mean
(mg/kg)
Y
E
A
R
Fat
:
Whole
Milk
l 9 7
l —
l 9 7 2
1.20
5
0.036
l
9
7
3
_
l
9
7
4
l.l8
E
0.035
l 9 7 7
0.80
5
0.024
l 9 7
9
0.96
5
0.028
l 9 8
l
0.79
5
0.024
l 9
8
3
1.24
5
0.037
l
9
8
5
0.67
5
0.020
   
A
study
by
Bennett
(l983)
followed
total
non—occupational
environmental
exposure
of
PCBs
to
humans
and
showed
clearly
that
for
PCBs,
the
atmospheric
pathway
contaminates
plants
directly,
livestock
indirectly
and
that
food
ultimately
contributes
the
major
environmental
dosage
of
PCBs
to
humans.
Exposure
from
drinking
water
and
the
atmosphere
directly
were
inconsequential
relative
to
food
exposure.
A
more
recent
modeling
effort
(MacKay
et
al.
l985)
shows
that
2,3,7,8—TCDD
is
transmitted
from
air
to
soil
and
then
to
plants
and
livestock
resulting
in
food
again
being
the
major
route
of
exposure.
The
primary
basis
of
human
exposure
in
both
cases
was
the
transport
via
the
atmosphere
of
environmentally—derived
persistent
toxic
chemicals.
 
  
 
In
con
clu
sio
n,
tox
ic
che
mic
als
tha
t
wer
e
env
iro
nme
nta
lly
per
sis
ten
t
bec
ame
an
int
ern
ati
ona
l
con
cer
n
in
the
l97
0s.
Thi
s
was
due
not
onl
y
to
the
ir
abi
lit
y
to
bi
oa
cc
um
ul
at
e
and
bi
oc
on
ce
nt
ra
te
to
har
mfu
l
le
vel
s
in
aq
ua
ti
c
and
te
rr
es
tr
ia
l
fo
od
ch
ai
ns
but
al
so
to
th
ei
r
ab
il
it
y
to
pe
rs
is
t,
cy
cl
e
and
tra
vel
wi
th
in
the
fi
ve
co
mp
ar
tm
en
ts
of
the
ec
os
ys
te
m:
the
air
;
wa
te
r;
soi
l;
se
di
me
nt
;
and
bi
ot
a,
in
cl
ud
in
g
hum
ans
.
We
mus
t
no
w
re
al
iz
e
th
at
ef
fe
ct
iv
e
man
age
men
t
pra
cti
ce
sho
uld
not
sim
ply
rem
ove
the
pro
ble
m
sub
sta
nce
fro
m
one
com
par
tme
nt
of
the
eco
sys
tem
whi
ch
all
ows
tra
nsf
er
to
ano
the
r
(e.
g.
the
air
),
bu
t
ef
fe
ct
iv
el
y
re
mo
ve
it
on
ce
an
d
fo
r
all
fr
om
all
co
mp
ar
tm
en
ts
.
In
ad
di
ti
on
,
di
lu
ti
on
of
suc
h
su
bs
ta
nc
es
to
me
et
“n
on
to
xi
c”
co
nc
en
tr
at
io
ns
si
mp
ly
al
lo
ws
fo
r
co
nt
in
uo
us
lo
ad
in
g
of
th
es
e
pe
rs
is
te
nt
co
mp
ou
nd
s.
At
pr
es
en
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 TABLE l: Estimated range of contemporary total PCB loading (kg/a)
(from Thomann and DiToro, l983).
Municipal & Atmospheric Load
Lake Atmosphericl Tributary2 Industrial3 Total as 1 of Total
Superior 755—7,550 630—l,89O 5— 6O l,390—9,500 28—92
Michigan 530—5,3l0 460—l,380 70~ 700 l,060—7,390 20—9l
Huron 340—3,4l0 680—2,04O lO— T30 l,O30—5,58O l4—83
Erie 230—2,29O 230— 690 220—2,l80 680—5,l6O 7—84
Ontario l80—l,83O 330— 990 l30~l,26O 640—4,08O 7—80
1 Atmospheric loading range: precipitation, TO to lOO ng/L; dry deposition,
l.2°lO'6 to l.2°lO—5g/m2/a.
2 Tributary loading @ lO to 30 ng/L, except Saginaw Bay where tributary input
data were directly available.
3 Municipal and Industrial direct point source loading @ O.l to l.O pg/L.
TABLE 2: Estimated PCB loadings by lake (kg/a) median values.
Municipal 8 Atmospheric Load
Lake Atmospheric Tributary Industrial Total as 1 of Total
Superior 9,800*(4,l53**) l,26O 33 ll,093 98(76)
Michigan 6,900*(2,920**) 920 385 8,205 84(69)
Huron 7,200*(l,875**) l,36O 70 8,630 83(57)
Erie 3,lOO*(l,260**) 355 l,200 4,655 67(45)
Ontario 2,300*(l,OOS**) 660 695 3,655 63(43)
*Eisenreich et al. l98lb.
**Thomann and DiToro, l983.
Some of the assumptions used to get these first—cut comparisons represent
areas which intuitively are suspected as misleading. It is generally believed
that the lower lakes have heavier loadings of PCBs because of their proximity
to known sources. None of the north-to—south variations appear in the data,
except perhaps from the greater numbers of industrial and nmnicipal source
loadings. These data could only be derived from varying the amounts
discharged from these sources; unfortunately, no comprehensive data have been
generated to provide this type of detail. There are more precise measurements
of different source compartment loadings which can be used to update Thomann
and DiToro's estimates. These new data are presented in the context of the
values already reported.
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For
Lake
Michigan
and
Lake
Huron,
the
more
significant
findings
came
from
Tom
Murphy
(Murphy
et
al.
l982).
Murphy
measured
rainfall
and
snowfall
throughout
the
year,
as
well
as
by
collecting
dryfall.
From
these
observed
values,
he
used
weighted
averaging
and
came
up
with
estimates
shown
in
table
4.
The
4,700
kg/a
for
Lake
Michigan
is
the
total
of
l,000
kg/a
for
rain
input
and
3,700
kg/a
for
dryfall,
and
for
Lake
Huron:
the
total
of
2,325
kg/a
was
broken
down
into
825
kg/a,
and
l,500
kg/a
for
rainfall
and
dryfall,
respectively.
TABLE
4:
Summary
table
of
best
available
data
on
total
PCB
loadings by lake (kg/a).
Municipal
&
Atmospheric
Load
Lake
Atmospheric
Tributary
Industrial
Total
as
X
of
Total
Superior
7,350
(l,260)*
68
8,678
85
Michigan
4,700
l,054
(385)
6,l39
77
Huron
2,325
(l,360)
(70)
3,755
62
Erie
(3,lOO)
(355)
(l,200)
4,655
67
Ontario
l,l20
(660)
(695)
2,475
45
*Parentheses
indicate
values
which
have
been
updated
from
Thomann
and
DiToro's estimates.
For
Lake
Erie
and
Lake
Ontario,
little
information
is
available.
No
direct
observation
data
were
found
in
my
search;
therefore,
I
used
an
estimated
loading
value
reported
by
Sanderson
and
Levault
(l979)
of
58
kg/mzla
for
the
Province
of
Ontario
and
applied
it
to
Lake
Ontario
to
come
up
with
l,l20
kg/a.
There
was,
however,
no
applicable
value
to
use
for
Lake
Erie.
Tributar In uts
There
were
very
few
observed
data
points
to
use
for
tributary
input.
Those
available
were
spot—samples
that
only
provided
limited
support
for
developing
year—round
loading
estimates.
Eisenreich
mentioned
a
few
river
values
which
were
used
to
represent
tributary
loadings.
These
values
are
shown
in
table
3.
For
Lake
Michigan,
however,
there
has
been
an
attempt
to
more
accurately
identify
tributary
loadings
of
PCB.
The
study
was
carried
out
by
Dave
Armstrong
and
his
associates
(Armstrong
et
al.
l986)
from
the
University
of
Wisconsin
and
it
was
designed
to
periodically
sample
all
of
the
major
tributaries
discharging
into
Lake
Michigan.
The
rivers
were
sampled
over
a
period
of
three
years
from
l980
to
l983.
They
produced
more
numbers
than
ever
produced
before
which
were
fairly
accurate.
Unfortunately,
their
study
suffered
because
they
failed
to
accurately
define
when
peak
loadings
were
occurring.
Largely
because
of
this,
their
results
were
reported
with
90%
confidence
intervals
of
considerable
magnitude.
The
Lake
Michigan
loading
values
represented
a
range
from
273
to
2,053
kg/a
with
60—70%
of
this
loading
going
into
Green
Bay,
without
reaching
the
main
lake.
We
may
compare
these
values
to
the
median
values
derived
from
the
Armstrong
results
of
l,054
kg/a
including
Green
Bay
and
370
kg/a
wi
t
h
o
ut
Green
Bay.
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 The data of tributary estimates for Lakes Huron, Erie and Ontario came
from
PCB
meas
urem
ents
in
susp
ende
d
soli
ds
repo
rted
by
Thom
as
and
Fran
k
(l98
3).
It w
as
diff
icul
t to
deri
ve
tota
l l
oadi
ngs
from
thei
r r
esul
ts
beca
use
they
lack
ed
real
time
—sus
pend
ed
meas
urem
ents
.
Also
they
were
only
able
to g
et
brie
f s
naps
hots
of
the
year
—rou
nd
leve
ls.
This
prob
lem
was
note
d b
y t
he
aut
hor
s
and
pro
bab
ly
exp
lai
ns
why
the
se
obs
erv
ed
val
ues
wer
e s
o l
ow
com
par
ed
to the estimated values.
Industrial and Municipal Point Source Discharges
Virtually no new values have been reported for updating the estimate of
industrial and municipal point source discharges. Eisenreich et al. (l98lb)
cite
d a
valu
e of
68 k
g/a
for
Lake
Supe
rior
whic
h is
show
n in
tabl
e 4.
A New Technique for Assessing Atmospheric Deposition
 
It is obvious from the revised information in table 4 that the atmosphere
is
the
larg
est
inpu
t p
ath
for
PCBs
.
Impr
ovin
g o
ur
know
ledg
e o
f th
is
path
way
would appear to be a good area of research. Dr. Brian Eadie, National Oceanic
and
Atmo
sphe
ric
Admi
nist
rati
on,
Grea
t L
akes
Envi
ronm
enta
l R
esea
rch
Labo
rato
ry,
and
I h
ave
rece
ntly
done
some
work
in
this
area
.
Our
rese
arch
deal
t w
ith
atte
mpti
ng
to
find
a
bett
er
way
to
meas
ure
atmo
sphe
ric
depo
siti
on
of
chlo
rina
ted
orga
nics
into
the
Grea
t L
akes
.
Atmo
sphe
ric
coll
ecto
rs
posi
tion
ed
on
shor
e—ba
sed
stat
ions
are
ofte
n c
riti
cize
d b
ecau
se
they
may
be
undu
ly
infl
uenc
ed
by s
hore
effe
cts.
Furt
herm
ore,
suit
able
dryf
all
coll
ecto
rs
just
do
not
exis
t.
Scie
ntis
ts
have
not
yet
been
able
to
come
up
with
a s
urro
gate
col
lec
tor
whi
ch
exa
ctl
y
mat
che
s
the
way
the
sur
fac
e
of
a
lak
e
tra
ps
particulate matter.
To
over
come
this
samp
ling
prob
lem,
Dr.
Eadi
e a
nd
I l
ooke
d i
nto
the
poss
ibil
ity
of
usin
g s
edim
ent-
trap
coll
ecto
rs,
espe
cial
ly
thos
e wh
ich
are
set
clo
se
to
the
sur
fac
e o
f t
he
lake
whi
le
the
lake
is
str
ati
fie
d i
n t
he
sum
mer
mon
ths
.
Dur
ing
str
ati
fic
ati
on,
the
the
rmo
cli
ne
pro
tec
ts
the
tra
ps
fro
m
coll
ecti
ng
upsu
rge
mate
rial
s f
rom
the
bott
om.
Radi
onuc
lide
data
were
used
to
con
fir
m t
hat
the
tra
ps
wer
e g
ood
col
lec
tor
s o
f a
tmo
sph
eri
c d
epo
sit
ion
.
Usi
ng
the
se
ass
ump
tio
ns,
PCBs
and
oth
er
chl
ori
nat
ed
hyd
roc
arb
ons
wer
e m
eas
ure
d o
n
the
par
tic
ula
te
mat
ter
ent
eri
ng
the
trap
s.
PCB
flu
xes
are
cal
cul
ate
d
by
ass
umi
ng
the
y a
re
dra
wn
int
o t
he
trap
s a
bso
rbe
d t
o t
he
sol
ids
who
se
flu
xes
can
be
acc
ura
tel
y d
ete
rmi
ned
.
Val
ues
we
have
to
dat
e f
or
Lak
es
Hur
on,
Sup
eri
or
and
Mic
hig
an
are
rem
ark
abl
y n
ear
tho
se
show
n i
n t
abl
e 4
.
Conclusions and Recommendations
When
one
comp
ares
the
esti
mate
d v
alue
s p
rese
nted
from
Thom
ann
and
DiTo
ro
(l9
83)
wit
h
the
mea
sur
ed
val
ues
sho
wn
her
e,
it
is
dif
fic
ult
to
sho
w
muc
h
imp
rov
eme
nt
ove
r
the
est
ima
tes
.
This
show
s
the
dif
fic
ult
y
in
stu
dyi
ng
a
sys
tem
as
lar
ge
and
com
ple
x
as
the
Gre
at
Lak
es.
Atm
osp
her
ic
inp
ut
has
bee
n
stu
die
d
the
mos
t
and
for
good
rea
son
sin
ce
it
is
the
maj
or
inp
ut
sour
ce.
How
eve
r,
the
re
is
stil
l
a
gre
at
deal
of
unc
ert
ain
ty
in
the
se
val
ues
.
Tri
but
ary
inp
ut
ave
rag
es
abo
ut
20%
of
the
tot
al;
how
eve
r,
for
Lak
e
Hur
on,
it
is
est
ima
ted
to
mak
e u
p a
s m
uch
as
36%
of
the
tot
al.
Atm
osp
her
ic
inp
ut
nee
ds
to
be
add
res
sed
mor
e
ful
ly,
esp
eci
all
y
sin
ce
lit
tle
is
kno
wn
abo
ut
yea
r-r
oun
d
loa
din
gs.
Est
ima
tes
of
mun
ici
pal
and
ind
ust
ria
l
inp
uts
are
sca
rce
.
How
eve
r,.
the
y
rep
res
ent
a
sma
ll
per
cen
tag
e
of
the
tot
al
est
ima
ted
loa
din
gs,
exc
ept
for
Lake
s
Eri
e
(26%
)
and
Ont
ari
o
(28%
),
whe
re
some
add
iti
ona
l
wor
k
on
the
se
23
  
 i
specific
sources
should
be
carried
out.
A
good
place
to
start
would
be
to
carry
out
an
intensive
study
on
one
of
the
lakes.
Innovative
techniques
should
be
used
in
order
to
economize
on
resources.
For
example,
rivers
could
be
sampled
during
high—flow
events
with
emphasis
on
measuring
PCBs
on
suspended
solids.
Sediment
trap
collectors
should
be
used
to
assess
atmospheric
loading
inputs;
and
for
municipal
and
industrial
sources,
{intensive
research
efforts
should
be
launched
using
a
system
mass
balance
approach
in
one
of
the
more
polluted
point—source
regions
of
the
Great
Lakes,
such
as
Hamilton
Harbour
or
southern
Lake
Michigan
near
Chicago.
This
would
be
the
best
way
to
refine
our
estimates
for
whole—lake
loadings
for
PCBs.
This
is
essential,
particularly
if
we
sincerely
want
to
improve
our
chances
for
managing
toxic
contamination
problems
in
the
Great
Lakes.
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 3. ENVIRONMENTAL MEASUREMENTS OF PCB RESIDUES: AN OVERVIEW
B.K. AFGHAN
Water Quality National Laboratory, Water Quality Branch
Canada Centre for Inland Waters, Burlington, Ontario
lﬂIBQDUQIlQﬂ
Polychlorinated biphenyls (PCBs) have been widely used since their
commercial production. They were mainly useful because of their excellent
dielectric properties as well as their thermal and chemical stability.
Commercial PCB preparations are mixtures of various isomers of chlorobiphenyls
with different numbers of chlorine atoms. These preparations are produced and
marketed under several names such as Aroclor, Clophen, Phenochlor, Kanechlor,
etc. They vary from a mobile phase, oily liquids, to white crystals and hard,
transparent resins. The viscus, more highly chlorinated liquids and resins do
not support combustion and they impart fire retardancy to other materials.
Hutzinger et al. (l974) has summarized the major producers and uses of PCBs up
to l973 and these are presented in table l. These uses can be divided into
two major categories: closed and open. Currently, the use of PCBs is
restricted to closed systems and strict regulations and guidelines are in
effect for the use of PCBs in electrical equipment and wastes containing PCBs.
TABLE l: Producers and Uses of PCBs
(from The Chemistry of PCBs, CRC Press T974).
P R O D U C E R
Monsanto (U.S.A. & U.K ) . . . . . . . . . . . . . . . . . . . . Aroclor”
Bayer (Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Clophen”
Prodelec (France) . . . . . . . . . . . Phenochlor and Pyralene“
Kanegafuchi (Japan) . . . . . . . . . . . . . . . . . . . . . . . Kanechlor”
Mitsubishi—Monsanto (Japan) . . . . . . . . . . . . . . Santothermm
Caffaro (Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fenclor”
Sovol (U.S.S.R ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Chem (Czechoslovakia) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
G R A D E S O F A R O C L O R
lOl6
, l
22l,
l232
, T
242,
1248
, l
254,
l260
, l
262
and
l268
.
USES OF PCBS (FORMER AND CURRENT)
°
ele
ctr
ic
cap
aci
tor
s
°
pla
sti
ciz
ers
in
rub
ber
s
°
ele
ctr
ic
tra
nsf
orm
ers
°
hea
t
tra
nsf
er
sys
tem
s
°
vac
uum
pum
ps
°
wax
ext
end
ers
°
hyd
rau
lic
flu
ids
°
ded
ust
ing
age
nts
.
°
gas
tra
nsm
iss
ion
tur
bin
es
°
pes
tic
ide
s,
ext
end
ers
3
TnK
S,
°
pla
sti
ciz
ers
in
syn
the
tic
res
ins
lub
ric
ant
s,
cut
tin
g O
ils
,
°
ad
he
si
ve
s
ca
rb
on
le
ss
re
pr
od
uc
in
g
pa
pe
r
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According
to
Hutzinger
(l974),
in
a
note
published
by
an
anonymous
in
the
New
Scientist,
PCBs
were
first
identified
as
environmental
contaminants
in
T966.
Others
in
Great
Britain
and
the
Netherlands
also
reported
on
PCBs
in
fish
and
wildlife
samples
in
their
countries.
In
l967,
European
scientists
at
the
Organization
for
Economic
Cooperation
and
Development
(OECD)
Conference,
“Unlimited
Occurrence
of
Pesticides
in
the
Environment,”
showed
concern
regarding
the
presence
of
PCBs
in
European
wildlife
samples.
Subsequently,
it
was
found
that
PCBs
accumulate
in
components
of
the
food
chain
with
time.
They
are
persistent,
toxic
and
widely
distributed
throughout
the
world's
aquatic
environment.
These
findings
led
to
extensive
studies
and
data
collection
on
a
global
scale.
A
considerable
volume
of
research
and
environmental
data
are
now
available
on
the
effects,
human
health
aspects
and
environmental
dynamics
of
commercial
preparations
of
PCBs
as
well
as
individual
congeners
and
isomers.
Many
industrial
countries
have
regulated
the
use
and
release
of
PCBs
into
the
environment,
their
residues
in
food
and
feed
and
the
sale
of
equipment
containing
PCBs.
Nomenclature
There
is
some
ambiguity
in
the
use
of
terms
such
as
PCBs,
PCB
isomers,
congeners
and
homologs.
In
many
cases,
the
term
“PCBs”
is
used
to
describe
commercially
available
mixtures
of
chlorobiphenyls
as
well
as
the
polychlorinated
isomers
found
in
the
extracts
from
environmental
or
other
sources.
In
some
cases,
the
term
PCBs
is
used
to
identify
individual
isomers
and/or
congeners
in
a
given
mixture
and/or
matrix.
A
systeni
of
nomenclature
known
as
the
International
Union
of
Pure
and
Applied
Chemistry
(IUPAC)
has
been
devised
for
organic
compounds.
According
to
the
IUPAC
system,
PCBs
are
defined
as
a
class
of
compounds
containing
biphenyl
with
one
to
ten
chlorine
substituents
(monochlorobiphenyl
to
decachlorobiphenyl).
Some
209
compounds,
with
appropriate
names,
are
possible
for
chlorine
substituted
biphenyls.
Those
involved
in
PCB
measurements
in
the
ecosystem
should
adopt
a
uniform
standardized
vocabulary
for
chlorobiphenyls
and
the
chlorobiphenyl
compounds
found
in
the
environment
should
be
named
based
on
the
degree
of
chlorination
of
the
biphenyl
ring.
These
compounds
can
further
be
classified
under
various
subgroupings
ranging
from
mono—
to
deca—
chloro
substituted
groups.
The
compound
within
subgroups
(from
di—
to
nano—
substituted
compounds)
with
similar
molecular
formals
should
be
named
as
isomers.
The
order
of
citation
of
locants
described
by
Hutzinger
et
al.
(T974)
should
be
adopted
for
correctly
naming
the
individual
compounds.
The
terms
Aroclors,
congeners,
homologs,
etc.
should
not
be
used
to
i
d
e
n
t
i
f
y
PCBs
in
the
ecosystem.
F
o
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s
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f
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n
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M
e
a
s
ur
e
m
e
n
t
s
made
during
the
past
l7
to
l8
years
have
c
e
n
t
e
r
e
d
around
the
following areas:
a.
T
o
x
i
c
o
l
o
g
y
and
B
i
o
l
o
g
i
c
a
l
E
f
f
e
c
t
s
:
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h
e
s
e
s
t
u
d
i
e
s
,
r
e
l
a
t
i
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l
y
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i
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h
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c
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n
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r
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t
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o
n
s
o
f
PCB
m
i
x
t
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r
e
s
h
a
ve
b
e
e
n
us
e
d
u
n
d
e
r
c
o
n
t
r
o
l
l
e
d
c
o
n
d
i
t
i
o
n
s
,
to
e
s
t
a
b
l
i
s
h
t
o
x
i
c
i
t
y
,
b
i
o
l
o
g
i
c
a
l
r
e
s
p
o
n
s
e
,
m
e
t
a
b
o
l
i
s
m
,
etc.
o
f
a
n
i
m
a
l
s
such
as
rats,
g
u
i
n
e
a
pigs,
m
o
n
k
e
y
s
and
o
t
h
e
r
s
.
T
h
i
s
o
v
e
r
v
i
e
w
will
not
c
o
v
e
r
t
h
e
m
e
a
s
u
r
e
m
e
n
t
s
m
a
d
e
t
o
s
t
u
d
y
t
h
e
s
e
e
f
f
e
c
t
s
.
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Human Exposure: Measurements are made to estimate human exposure to
PCBs. The major source of PCBs in humans is believed to be occupational
exposure and consumption of fish and other foods.
Many countries have established regulations and tolerances for PCBs in
classes of food, and guidelines for ambient and occupational air. Maximum
exposure levels for PCBs by the average population can be derived from the
quantity of the particular food consumed by an average person and the
maximum residue limits for various foods. Typical figures for the
Canadian population are shown in table 2.
TABLE 2: Estimate of maximum exposure to PCBs from the consumption
of commercial foods.
 
MAXIMUM
F O O D RESIDUE LIMIT
I N T A K E PCBs INTAKE
T Y P E (g/person/day) (pg/g) (pg/person/day)
Fish 20 21 40
Dairy Products2 32.8 0.23 6.6
Meat, beef 48 0.21 9.6
Poultry 3.6 0.53 l.8
Eggs 34 O.l4 3.4
1 edible portion 3 fat basis
2 milk, cheese, butter 4 whole weight, less shell
In Canada, the majority of PCB analysis in commercial fish is carried out
by the Department of Fisheries and Oceans. The Department of National
Health and Welfare conducts nationwide surveys to monitor human exposure
to PCBs. Agriculture Canada has undertaken a chemical residue monitoring
program in Canadian beef, poultry and pork. Typical results of monitoring
PCB in Canadian meat and related products is shown in table 3 and figure 1.
TABLE 3: Agriculture Canada — PCB monitoring programs
(information supplied by Dr. P.N. Saschenbrecker, Agriculture Canada).
 
SAMPLE LIMIT OF POSITIVE FINDINGS
C O M M O D I T Y QUOTA QUANTITATION (ppm) SINCE l98O (ppm)
Eggs (domestic/import) 8O O.l5 —
Egg products (domestic) 20 O.l5 —
Animal fat (domestic) 350 0.25 —
Animal fat (imported) 200 0.25 —
Dairy products 50 0.25 —
Animal feeds l33 O.l5 0 6l, l.2
(fish oils, l984)’
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Agriculture
Canada).
Each
data
point
represents
approximately
150
analyses
of
random
monitoring
program.
Last
two
data
points
contain
some
data
which
are
not
part
of
random
sampling.
Environmental Distribution and Levels: PCBs have been widely detected
throughout the world. Risebrough (l97l) has reported that PCBs are found
in substantial amounts in certain compartments of the aquatic
environment. PCB levels in freshwater and seawater range from
approximately one to 40 ng/L. Sediment levels range from a few parts per
million (ppm) to several hundred ppm. Several sediments of the Hudson
River, Lake Michigan and certain geographical locations in the Great Lakes
basin contain significantly higher levels of PCBs. PCBs have also been
found in the atmosphere, precipitation and in the terrestrial
environment. Some examples of PCB levels found in various sample types in
Canada are presented in tables 4 and 5.
TABLE 4: Summary of PCB residue data
(from PCBs: Fate and Effect in the Canadian Environment,
Strachan, in press).
  
OTHER ST.
LAKE GREAT LAWRENCE ATLANTIC PRAIRIES ARCTIC
ONTARIO LAKES RIVER PROVINCES & B.C. REGION
vg/g
Herring Gull Eggs 108. 48.5 20.7 4.3
Yellow Pickerel 2.0 0.89 2.0 0.093
Sucker l.2 l.7 l.4 0.07
Halibut 0.36 0.060
Cod 0.086 0.0l0
Flounder O.l2 0.0l8
Clam 0.037 0.0l8
Char 0.0l5
Seal Blubber
— Harp 9.2 6.2
— Ringed 35.61 1.22
Polar Bear
_ Fat 5.5
— Liver 2~7
Prairie Falcon Eggs 0-89
Merlin Eggs l-40
Dairy Milk Fat O.lO
Human Adipose Tissue l.l 0.973 0.73 0.72
1 Excluding a single sample of 3.0 mg7kg
2 Mid—range point used for some locations
3 Quebec
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5:
NAQUADAT
PCB
data
(to
May
1985)
(from
PCBS:
Fate
and
Effects
in
the
Canadian
Environment,
Strachan, in press).
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Most of the key environmental data on PCBs are obtained by the study of
animals and/or other biological species, since PCBs are highly hydrophobic
and tend to accumulate in fat tissues of animals and other aquatic
organisms.
A great deal of effort has been directed towards environmental monitoring
and many governmental agencies are currently performing analyses on a
routine basis. Examples of PCBs and DDT monitoring carried out by
Canada's Department of Fisheries and Oceans, Ontario Ministry of the
Environment and Environment Canada are presented in figures 2, 3, 4, 5 and
6 and in table 6.
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FIGURE 2: l985 Great Lakes lake trout (aged 4+) whole fish DDT levels
(data supplied by D.M. Whittle, Dept. of Fisheries and Oceans,
GLFRB, Burlington, Ontario).
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and
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FIGURE 6: PCBs in herring gu11s (Norstrom et a1. 1985).
TABLE 6: Survey of 1eve1s of PCBs in ambient air
(data supplied by G.A.V. Reese, Ontario Ministry of the Environment).
PCB CONCENTRATIONS (ng/mB)
 
1
LOCATION/DESCRIPTION SAMPLES AVERAGE HIGH LON
URBAN: Toronto 14 0.64 2.95 0.00 1
Bur1ington 14 0.089 0.46 0.00 ‘
Hami1ton 1 14 0.066 0.39 0.00
Hami1ton 2 14 0.049 0.22 0.00
Mississauga 1 14 0.13 0.53 0.00
Mississauga 2 14 0.047 0.17 0.00
Mississauga 3 14 0.13 0.34 0.00
Mississauga 4 14 0.19 0.67 0.00
Oshawa 14 0.051 0.19 0.00
Windsor 14 0.056 0.32 0.00
SUBURBAN: London 14 1.42 4.51 0.00
Sudbury 14 0.015 0.10 0.00
Toronto 14 0.20 1.12 0.00
INDUSTRIAL: Sarnia 14 0.28 1.16 0.00
Hami1ton 1 14 0.058 0.23 0.00
Hami1ton 2 14 0.074 0.31 0.00
RURAL: Nanticoke 1 14 0.039 0.11 0.00
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2
13
0.8
6
10.
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0.0
0
Cay
uga
14
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Environmental Dynamics of PCBs
A considerable amount of data has been collected on the environmental
chemistry and fate of PCBs in sediments, water column and the atmosphere.
Measurements
of
concentrations
in
various
compartments
are
made
to
understand
the
processes
that
influence
the movement
of
PCBs
among
these
compartments.
Selected
examples from
the current
literature
are
presented
here to highlight the environmental dynamics of PCBs.
Kaiser
and
Platford
of
the
National
Water
Research
Institute
in
Burlington
(pers.
comm.)
undertook
a
comprehensive
study
to
determine
the
partitioning
and
transport
of
locally
produced
toxic
compounds
(air,
microlayer,
water,
suspended
solids,
pore
water
and
sediment)
in
the
Detroit
River.
The
analytical
scheme
used
in
this
study
is
illustrated
in
figure 7 and table 7.
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FIGURE
7:
Analytical
scheme
for
m
ul
t
i
~c
o
m
p
a
r
t
m
e
n
t
analysis
(information
provided
by
Dr.
K
L.E.
Kaiser,
NWRI).
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TABLE 7: Minimum detection Timits* for Detroit River samples, 1983
(information provided by Dr. K.L.E. Kaiser, NNRI).
 
APLE (Extracts) SURFICIAL SUSPENDED
PARAMETER (BULK WATER) PORE WATER SEDIMENT SEDIMENT MICROLAYER
Sampie Size 200 L TOO mL 10 g i g 100 mL
Extract Voiume 10 mL 1 mL TO mL 1 mL 1 mL
Units ng /L ng/L ng/kg ng/Kg ng/L
Dito—tetra 2x103 200x10: 200x103
chiorobenzene s iO-O.80 —i6O ~T6XTO —i6xiO3 TOO—2000
Organochiorine 3
999999999 ____________9;39__-___99____________9519__________9:193_________99___
Poiychiorinated 3 3
319299219 ____________9;E§______§9_-__________§519__________§519__________§9__
_I9z999999____________1_9_____2:193 _________2999193_______.2_999193______________
Poiynuciear
aromatic 3 3 3
hydrocarbons° i.O ixiO 50x10 SOOXTO 200
* Conservative for many compounds (Factor 5) based on ieast sensitive
compounds. For some sampies, voiumes were reduced further to achieve
greater sensitivity.
° PNA volumes reduced by a factor of 10 for anaiyses.
The data indicated that significant amounts of industriai and persistent
organic compounds occur in aii compartments except air. The data are
discussed in terms of contaminant sources, pathways and sinks. Speciai trends
within the river and reiationships of contaminant groups within and between
compartments are aiso discussed. Typicai resuits of organic compounds,
inciuding PCBs, found in various compartments of the Detroit River study are
given in figure 8.
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The benthic nepheloid layer (BNL), which is an active zone extending above
the bottom sediments, is believed to play a significant role in the transport
of pollutants. Recently, increased interest has developed in the formation
and composition of BNL in the Great Lakes and its role in cycling of inorganic
.and organic contaminants. Baker et al. (l985) studied the dynamics and
composition of the BNL in western Lake Superior and found that it is enriched
in total PCBs and other halogenated hydrocarbons as presented in table 8. The
authors postulated that the total PCBs associated with particulate matter in
the
BNL contributed
to the
relatively
high PCB
levels
in the water
column
during the summer months.
The resuspension of suspended sediments, during
stratification, was probably the main contributing factor.
TABLE 8:
Nepheloid layer vs.
surface water characteristics at site l0
June 30 — September 9, 1985 (Baker et al. 1985).
NEPHELOID LAYER SURFACE
% TRANSMISSIONa
mean
38.5
86.5
S.D.
8.4
8.3
range
30
— 48
74
—
94
N
4
4
t—PCB, ng/Lb
mean
0.87
0.56
S.D.
0.22
O.l9
range
0.57
—
l.l8
0.33
—
0.77
N
4
4
a
Means
are
different
at
99%
confidence
level.
Means
are
different
at
95%
confidence
level.
Analysis of PCBs
In
the
early
l960s,
analytical
chemists
involved
in
the
analysis
of
organochlorine
pesticides
in
wildlife,
using
gas
chromatography
with
electron
capture
detection,
consistently
observed
a
particular
series
of
unidentified
peaks
(as
many
as
ten
or
more)
with
a
specific
pattern
in
the
final
extracts.
It
was
generally
assumed
that
the
unidentified
peaks
were
from
the
condensation
products
of
the
metabolites
of
organochlorine
pesticides.
Jensen
(l966)
was
the
first
to
confirm
the
unidentified
peaks
as
PCBs.
Since
then,
tremendous
advances
have
taken
place
in
the
analysis
and
confirmation
of
PCBs.
In
addition,
synthetic
work
has
also
advanced
to
a
stage
that
it
is
now
possible
to
obtain
analytical
standards
for
the
majority
of
individual
isomers.
It
is
possible
now
to
analyse
and
confirm
PCBs
on
indiVidual
isomer
basis
and/or
congener
groups.
New
techniques
are
being
developed
and
adopted
for
analysis
of
PCBs
in
a
wide
variety
of
samples.
Significant
advances
in
extraction,
enrichment,
cleanup,
separation
and
c
o
n
f
i
r
m
a
t
i
o
n
have
occurred
over
the
past
TS
to
l7
years.
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Extraction Techniques
Methods of concentration of PCBs in natural waters and air have been based
on enrichment of PCBs prior to analysis. The procedures for enrichment have
included liquid-liquid extraction, adsorption chromatography using various
adsorbents and steam distillation. Adsorption chromatography using XAD—type
resins has been a widely accepted technique for precipitation and air
samples. Extraction of water samples is more conveniently carried out by
liquid—liquid extraction.
Recently steam distillation has been proposed as an excellent method for
concentration of PCBs in water. The major advantage of steam distillation is
that the PCBs are not coextracted with other non—volatile interfering
substances which simplifies the subsequent cleanup steps. Furthermore, the
extraction is accomplished using a relatively small volume of solvent.
Solid samples require extraction with organic solvents. Soxhlet
extraction is usually employed using an azeotropic mixture of hexane/acetone.
Other solvents are also employed to extract PCBs from a wide variety of solid
materials such as fish, food products and sediments.
Saponification and direct extraction techniques are also employed for
certain types of samples such as biota, human tissue and other matrices.
Cleanup Techniques
Cleanup techniques are employed to separate interfering coextractants from
the initial sample extract prior to separation and quantitative analysis of
PCBs. Florisil, alumina and silica/gel/celite open—column chromatography are
most commonly used to separate PCBs from interfering substances. The cleanup
steps require careful preparation of chromatographic adsorbents and elution of
the column with precise volumes of solvents and/or solvent mixtures in order
to separate interfering substances from PCBs.
An appropriate fraction containing PCBs is then subjected to gas
chromatography for separation and resolution prior to quantitative analysis.
Separation of PCBs by Gas Chromatography
Until the late l970s, PCB compounds were separated using packed column
chromatography. Recently, significant advances have taken place in the
separation of PCBs. High resolution gas chromatography, using capillary
columns, is used to separate individual isomers in commercial PCB mixtures
and/or complex environmental matrix extract. Examples of typical separations
by
pac
ked
col
umn
and
cap
ill
ary
col
umn
are
pre
sen
ted
in
fig
ure
s 9
, l
0 a
nd
ll.
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Quantitativeiand Confirmatorv Techniques
Fol
low
ing
the
dev
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pme
nt
of
the
ele
ctr
on
cap
tur
e d
ete
cto
rs
(EC)
and
the
ir
use
with
gas
chro
mato
grap
hy,
virt
uall
y
all
quan
tita
tive
anal
ysis
of
orga
noch
lori
ne
comp
ound
s,
incl
udin
g PC
Bs,
is c
arri
ed o
ut u
sing
an E
C de
tect
or.
To
date
, t
he
majo
rity
of
quan
tita
tive
anal
ysis
is
carr
ied
out
by
dire
ct
comp
aris
on
of
the
unkn
own
EC
chro
mato
gram
with
thos
e o
f s
tand
ard
comm
erci
al
mixtu
res,
such
as Ar
oclor
s.
Altho
ugh
some
stand
ardiz
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has
taken
place
in
the
use
of c
ommer
cial
prepa
ratio
ns a
s an
alyti
cal
stand
ards,
there
has
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a
larg
e d
egre
e o
f v
aria
bili
ty
in
anal
ytic
al
resu
lts
calc
ulat
ed
usin
g th
e a
bove
app
roa
ch.
The
che
mic
al
com
pos
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and
pur
ity
of
var
iou
s
com
mer
cia
l
prep
arat
ions
do
vary
from
batc
h t
o b
atch
as
well
as
with
the
chlo
rine
cont
ent
of the individual preparation.
A w
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var
iet
y
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qua
nti
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met
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s
are
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emp
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var
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s
wor
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s
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lud
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l
Aro
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Qu
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w
or
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e
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in
g
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da
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so
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s
work
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have
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deri
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to
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the
pare
nt
PCB
comp
ound
s t
o
dec
ach
lor
o—b
iph
eny
l
or
bip
hen
yl
pri
or
to
qua
nti
tat
ion
.
The
abo
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is
con
sid
ere
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o b
e t
he
mai
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for
var
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and
non
com
par
abi
lit
y
amo
ngs
t
data sets generated by various laboratories.
In
som
e
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es,
in
spi
te
of
cle
anu
p
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ced
ure
s
to
rem
ove
int
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s,
the
non
—sp
eci
fic
nat
ure
of
ele
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ide
nti
ty
of
PCB
s
by
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l
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s.
In
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ty
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cas
es
thi
s
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is carried out by injecting the final extract into a number of columns with
varying polarity. Other techniques for confirmation involve perchlorination,
dechlorination and gas chromatography—mass spectroscopy (GC—MS).
Factors Affecting Variability
Laboratory Variability: It is a commonly accepted fact that large variations
in results do occur between various laboratories carrying out PCB analyses. A
few examples of interlaboratory studies on determination of PCBs in
environmental and related samples are presented in tables 9 and lO. They show
significant variability in PCB results.
A recent
NNRI
dredging quality
control study on contaminated dry sediments and standard solutions revealed
standard
deviation
between
30
to
60
percent
among
the
participating
laboratories.
TABLE 9:
Federal Interdepartmental Committee on Pesticides (FICP) fish check
sample,
1978—85 average coefficient of variation obtained for PCB analysis
(data obtained from R.B. Maybury, Agriculture Canada).
LABORATORIES
USING
LABORATORIES
USING
WITHIN LABORATORY
SPECIFIED CALCULATION
OWN CALCULATION
(control lab)
METHOD*
METHOD
7.9%
l7.4
22.7
*
Peaks
7,
8,
l0
of
Aroclor
l254
as
specified
by
Reynolds
TABLE
l0:
FICP
fish
check
sample
of
sediment
extracts
(l982)
coefficient of variation
(data obtained from R.B. Maybury,
Agriculture
Canada).
—
BEFORE
REJECTION
OF
OUTLIERS:
29
—
82%
-
AFTER
REJECTION
OF
OUTLIERS:
2T
—
44%
Sample
contained
complex
mixture
of
PCBs
and
method
of
quantitation
was
not specified.
In
the
November
issue
of
Analytical
Chemistry,
Alford—Stevens
(l985)
reported
an
interlaboratory
study
on
the
determination
of
PCBs
in
environmentally
contaminated
sediments
at
three
levels
(0.2,
3
and
50
mg/Kg).
The
participating
laboratories
followed
uniform
calibration
methods
and
standardization
procedures
for
sample
extraction,
extract
preparation
and
chromatography.
In
spite
of
the
above,
large
differences
in
results
were
reported
by
these
laboratories.
The
significant
source
of
variability
was
believed.
to
be
the
quantitation
method
employed
and
the
inconsistent
application
of
the
relatively
complex
calculations
to
obtain
Aroclor
concentrations
in
a
sample
matrix.
Typical
variability
of
the
analytical
results
in
this
controlled
study
is
presented
in
table
ll.
This
study
also
demonstrated
that
it
is
possible
to
introduce
significant
variation
by
e
m
p
l
o
y
i
n
g
d
i
f
f
e
r
e
n
t
e
x
t
r
a
c
t
i
o
n
t
e
c
h
n
i
q
u
e
s
.
 
 TABLE
11:
Measured
PCB
concentrations
(mg/kg)
in
sediment
aliquots
extracted
with
Soxhlet
procedures.
SAMPLE
I
SAMPLE
II
SAMPLE
III
Aroclor
Aroclor
Total
Aroclor
Aroclor
Total
Aroclor
Aroclor
Total
1242
1254
PCBs
1242
1254
PCBs
1242
1254
PCBs
GC—EC DATA
mean
29
38
65
1.6
1.3
2.9
0.12
0.12
0.23
SD
9.9
14
17
0.63
0.66
1.1
0.077
0.060
0.048
RSD, %
34
55
32
39
51
38
64
50
19
M§_DAIA
mean
16
31
50
0.84
1.3
2.4
0.075
0.11
0.15
SD
8.4
5.8
12
0.34
0.60
0.88
0.040
0.029
0.080
RSD, %
53
19
24
40
46
37
53
26
53
£Q_§ﬂQ_M§LDAIA
mean
24
27
52
1.3
1.4
2.7
0.10
0.12
0.21
n
18
18
20
18
18
20
18
18
20
SD
11
12
15
0.65
0.67
1.0
0.069
0.051
0.077
R80, 1
46
44
29
50
48
37
69
42
37
Sampling
Variability:
Sampling
and preservation
are
the most
important
steps
in obtaining
reliable
data.
The
validity
of an
analysis
depends
largely
upon
the
representativeness
of the
sample
collected.
Ever
since
the
first PCB
studies have been
carried
out
in the
late
1960s,
sampling
techniques
have
varied
widely
depending
upon
the
compartment
of
the
ecosystem,
levels
determined and the individual person's bias for the sampling technique.
The incomparability of various data sets can easily be traced back to the
inappropriate use of sampling techniques,
selection of media,
sampling site,
and field practices.
In the majority of National
Water Quality Monitoring
Networks,
a periodic sampling is carried out using a 'discrete' grab—sampling
technique.
It is possible
to obtain
significant
variability
if proper
precautions are not taken during sampling.
Many agencies, such as Environment
Canada's Water Quality Branch,
ensure that appropriate practices are followed
during the collection and preservation of samples prior to chemical analysis.
Conclusions
and
Recommendations
. There are three major areas where variability can cause significant
difference
in
analytical
data:
(1) sampling; . . ~
(2) operator's proficiency and method variability; and
(3) approaches for quantitation.
An integrated composite sampling is recommended to ininimize day—to—day
variation
and to obtain a more representative
sample.
Suitable methods and
41
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‘
samplers/extractors
are now available to carry out
integrated
sampling on a
routine
basis.
Current
techniques
for
quantitative
analysis
based
on
commercial Aroclor to estimate total PCBs should be phased out.
An
approach
for
quantitation
of
PCBs
based
on
individual
isomers
or
more
toxic
congener
groups
should
be
adapted
for
both
routine
monitoring
and
research.
The
latter
approach
is
receiving
increasing
acceptance
and
is
demonstrated
to
be
superior
to
the
traditional
approach.
A
few
examples
of
this approach are presented in figures l2 and l3.
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4. CHARACTERIZATION, TRANSPORT AND MODELING
DOMINIC DiTORO
Department of Environmental
Engineering and Science
Manhattan College, Riverdale, New York
Perhaps models are the most contentious subject we will be discussing
today: some people are enamoured with them, some people make their living
using them, some people, like myself, make their living building them. I
would like to discuss with you what models really are and where we are in
terms of trying to understand the transport and fate of PCBs using models.
Models are nothing more than a synthesis of scientists' ideas and their
perception of how the world operates. When a scientist builds a model, we
start to criticize his or her perception of what is really important because
we can't handle all the complexities. It's just too hard to build a model
that is really as complicated as the conception that is in any one scientist's
head - never mind the general sweep of information that's out there. So
invariably, we criticize the model. I call it “first—order science.”
The next thing we need is a lot of data — hopefully good data to establish
the validity of the models. Without reliable data, we really can't be sure
that they are valid.
When we accomplish these tasks we can have some feeling that the models
are reasonable and can be used to make some projections. In the final step,
we return in ten years to see if, in fact, what we calculated more or less has
happened.
This scenario cannot yet be applied to PCBs, so I will review a modeling
effort on the Great Lakes which succeeded very well: the eutrophication
models which were built in the l970s.
In the late l960s and early l970s, there were as many theories of how
eutrophication influenced the biology of lakes and how chemistry and physics
(transport) influenced eutrophication as there were practitioners in the
business. It was quite confusing. By the end of the T9605, a consensus had
been reached on the need for modeling. An intense cooperation existed between
the United States scientists and the Canadian scientists to solve the problem
of eutrophication. The Canadians began their efforts first, by about three
years. They generated major sets of data on Lake Erie from l969 to l972, but
turned out to be inaccurate because of computer malfunctions in the data
retrieval systems. It took a few years for everything to become coordinated.
The early mass-balance modeling calculations (Project Hypo) came from the
Canadian rather than the U.S. side and they were fairly straightforward. It
wasn't until the late 19705, in response to the International Joint Commission
pressure to set phosphorous target levels, that we produced serious
calculations aimed at establishing target loads.
Real models always violate the geomorphology of lakes. . Since we can't
really handle complicated geometries, chemistries and biologies together, we
tend to use a few large segments. For example, we divide the lake into
45
   
 basins, each of which has an upper layer, lower layer and sediment layers, as
shown in figure l. This is the segmentation we used for the Lake Erie
dissolved—oxygen calculation.
LAKE ERIE MODEL SEGMENTATlON
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FIGURE
l:
Lake
Erie
model
segmentation
of
western,
central
and
eastern
baSins:
water
segments
l—6,
sediment
segments
7—lO.
The
data
on
figures
2
and
3
are
the
result
of
an
intense
joint
United
States
and
Canadian
effort.
Each
data
symbol
represents
a
cruise
average
of
maybe
30
or
40
samples.
As
you
may
notice,
the
graphs
are
filled
with
data.
Also,
different
variables
are
presented
as
functions
of
time:
chlorophyll,
primary
production
and
total
phosphorous
in
the
water
column.
We
looked
at
the
western,
central
and
the
eastern
basin
separately.
You
will
notice
that
the
lines
more
or
less
go
through
the
data
points.
Good
models
are
characterized
by
figures
like
this.
The
next
one
is
more
of
the
same;
inorganic
phosphorous,
total
inorganic
nitrogen
and
dissolved
silica.
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 Occasionaiiy wide variations arise (e.g. siiica in the western basin) but we
can
see
that
the
patte
rns
are
right
— up
take
acros
s th
e ba
sin
- io
wer
1
concentrations of nitrogen, as we go from west to east. The structure is
captured even though there is a fair amount of variabiiity.
Jr: ERIE CALiBRNION, 1970
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FIGURE
3:
Lake
Erie
calibration
results,
l97O
epilimnion.
Western
basin
(lefthand
side);
central
Basin
(centre);
eastern
basin
(righthand
side);
ortho—phosphorus
mg/L
(top);
nitrate-nitrogen
mg/L
(middle);
total
reactive
silica
mg
SiOZ/L
(bottom).
Symbols:
mean
i
standard
deviation;
lines
are
the
computations.
Even
with
all
the
care
that
was
exercised,
there
is
still
a
lot
of
spatial
variability
that
we
can't
avoid.
There
is
no
conflict
between
good
measurements
and
lots
of
them;
we
have
to
have
both.
It‘s
a
fact
of
life.
Dissolved
oxygen
(DO)
was
the
problem.
Lake
Erie
stratifies
and
the
DO
decreases
as
shown
in
figure
4.
The
problem
was
to
try
to
compute
exactly
what
was
going
on.
To
do
this
we
need
data
from
a
particular
year
(all
the
data
in
figures
2,
3
and
4
were
from
1970)
as
well
as
from
different
years
when
different
conditions
occurred
so
the
model
can
be
calibrated.
Figure
5
compares
the
l97O
and
the
l975
data
sets.
In
l975
the
thermocline
was
shallower
and
the
dissolved
oxygen
didn't
decrease
as
far;
thus,
the
hypolimnion
was
a
little
thicker
that
year.
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Finally, the real question with models is——do they work? Figure. 6
illustrates ten years of phosphorus loading data for Lake Erie.
Calculating
loads is an enormous task and it was taken on in l970 by the Buffalo District
of the United States Army Corps of Engineers.
One million dollars was spent
every year. The model was calibrated to the years l970, when the phosphorus
loading was about 20,000 metric tons/year. The l975 loadings, however, were
unusually low.
The Water Quality Agreement's target loading is 11,000 metric
tons
a year.
In
the
last half of the
l9705,
the loading
decreased
dramatically, mostly because of a point—source reduction;
the loading is
getting close to ll,000 metric tons.
If we consider the ll,000 metric
tons/year, most of the anoxic area in the central basin would be eliminated.
LAKE ERIE - CENTRAL BASIN HYPOLIMNION
AREA OF ANOXlA i970 * l980
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FIGURE
6:
Phosphorus
loading
data,
Lake
Erie,
l970—l980.
We
recently
took
this
loading
information
and
ran
our
model
for
ten
years
(figure
7),
just
to
see
whether
or
not
we
got
it
right.
The
calculation
is
indicating
that,
in
fact,
the
minimum
dissolved
oxygen
concentration
in
Lake
Erie is going up.
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 Figure 8 is a comparison of our model estimate of maximum area of anoxia.
The observed area of anox1a TS decreasing, which is as we predicted. This can
be looked upon as a success.
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dissolved oxygen statistics — western, central and eastern basins of Lake Erie.
To build a toxic chemical model, several issues must be considered, such
as the interactions between sediments and overlying water, and between
chemicals in dissolved form and chemicals in suspended matter.
Figu
re
9 i
llus
trat
es
how
to
do
thes
e c
alcu
lati
ons.
Cert
ain
thin
gs
are
more important than others when we are dealing with particular chemicals; for
example, volatilization is important when we are dealing with PCBs, sorption
is important, as is particle transport. This is translated into mathematical
form. A segmentation is also done. We consider the lake as one large,
completely—mixed volume with three layers of sediment underneath, in order to
compute depth distribution of PCBs.
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Comparison
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measured
total
suspended
solids
concentrations
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values
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time
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model
(% of values equal to or less than).
Several
parameters
and
coefficients
will
arise
in
the
model
for
which
we
really
don‘t
have
values.
What
is
the
annual
average
resuspension
rate
for
sediment?
What
is
the
annual
average
deposition
to
the
deep
segment?
A
tracer
is
needed.
Fortunately
for
all
of
us,
Dave
Edgington
and
John
Robbins
and
others
were
studying
plutoniuni
in
the
Great
Lakes
and
knew
what
the
loading
was
because
it
had
been
measured.
Plutonium
is
a
compound
for
which
the
loading
is
known,
it
is
sorptive
and
its
fate
is
dominated
by
particle
transport.
So
we
latched
on
to
this,
as
a
way
of
trying
to
calibrate
this
model
to
something
cther
than
PCBs.
The
data
in
figure
lO
started
from
the
l970s
and
depending
on
the
assumptions
made
as
to
what
the
particles
were
doing
——
zero
resuspension
to
a
reasonable
amount
of
resuspension
——
we
get
these
sorts
of
calculations.
The
end
of
the
simulation
was
calibrated
and
if
we
expand
it
out
(figure
ll),
we
get
to
see
what
the
data
look
like
in
the
lakes.
There
are
lines
with
some
data
points
in
every
compartment.
This
is
a
r
e
a
s
o
n
a
b
l
e
calculation.
We
really
don't
have
independent
estimates
of
s
e
d
i
m
e
n
t
a
t
i
o
n
,
but
we
were
happy
w
i
t
h
w
h
a
t
wa
s
a
c
h
i
e
v
e
d
.
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iFigure l2 shows the PCB situation. We had an order of magnitude
uncertainty in loading estimates. We also didn't know the role of
volatilization, which is a big uncertainty. We ran the calculation, using
high and low loading estimates, with and without volatilization, to understand
how the model
behaves.
We also had some sediment data on each lake (figure
l3).
So, when the loading and the major loss routes are not known, our
ability to make calculations about what is going to happen in the future is
severely restricted.
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A similar model has been recently built and we are beginning to get better
calibrations to the tracers. In this model we used a much improved sorption
theory. Given the organic carbon content of a particle and the octanol—water
partition coefficient (KOW) of the chemical and the particle concentration
itself, one can predict partitioning over seven orders of magnitude. We have
congener specific PCB analyses, which allows us to look at individual
chemicals and collectively lots of chemicals.
We now have the ability to make measurements on a set of chemicals that
runs over two or three orders of magnitude in hydrophobicity. We can see
chemicals that are the analogues of dioxins and dibenzofurans. We can see
chemicals that are analogues of some of the pesticides that have been found.
We will have a spectrum of physical chemical data with which we can really
test these models. As a riﬂe—of—thumb for modeling, and perhaps for other
scientific endeavours, it is essential to do the problem three times. It is
probably only on the third time that it is accurate. We‘ve done the problem
once. We will see how well we do on the second time; by the third time, we
will hopefully be illustrating what a successful model looks like using PCBs.
LU t are Directions
One final point is the issue of variability. In computations made on PCBs
in Saginaw Bay, simulations were dOne as a function of time, the time variable
distribution of suspended solids and the time variable distribution of total
PCBs, both dissolved and particulate. Results show that both data and theory
can be extremely variable. Figure l4 suggests a possible way to allow for
this.
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+
*
The Saginaw Bay data (figure l5) is reproduced on log probability plots.
The dots represent suspended solids segment averages, plus or minus standard
deviation and the line is the probability plot of the model calculations.
When we look at the previous plot, it was difficult to tell
if the model was
really doing anything reasonable or not.
But according to the log probability
plots, the suspended solid simulation is really conVinCing.
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PCBs
in
Saginaw
Bay.
Total
PCBs,
on
the
other
hand,
are
not
quite
right
(figure
l6).
The
median
is
reasonable
but
the
variability
is
off.
Particulate
PCB
data
are
meaningful
but
dissolved
PCB
comparisons
are
not.
This
suggests
that
there
is
something
wrong
with
either
the
volatilization
or
the
partitioning
sides
of
the
calculation,
or
something
that
divides
the
material
up
between
the
particulate
and
the
dissolved
phase.
Since
this
is
the
same
kind
of
arrangement
that
was
found
in
the
full
Great
Lakes
calculation,
the
model
c
e
r
t
a
i
n
l
y
s
uf
f
e
r
s
f
r
o
m
some
f
u
n
d
a
m
e
n
t
a
l
e
r
r
o
r
s
.
Thus
we
n
e
e
d
to
r
e
f
i
n
e
the
p
h
y
s
i
c
s
and
c
h
e
m
i
s
t
r
y
of
the
m
o
d
e
l
s
and
try
to
get
a
h
a
n
d
l
e
on
v
a
r
i
a
b
i
l
i
t
y
.
It
m
u
s
t
be
a
p
p
r
o
a
c
h
e
d
d
i
r
e
c
t
l
y
r
a
t
h
e
r
t
h
a
n
c
o
n
v
e
n
i
e
n
t
l
y
i
g
n
o
r
e
d
,
as
it
h
a
s
b
e
e
n
t
h
e
c
a
s
e
o
v
e
r
t
h
e
l
a
s
t
y
e
a
r
s
.
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FIGURE l6: Total PCBs.
This is the status and potential for modeling. The same kind of
international cooperative venture that characterized the eutrophication days
needs to exist today. It was probably the most exciting time in Great Lakes
research. All the labs were involved—~Canadian and American. For those of us
who remember it, we should rekindle the role. We've paid for the Rolls Royce
-- we know how to do the PCB congener analysis, we invested in-field data
collection, infrastructures and modeling technology —— let's buy some
gasoline and get going.
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 5. ECOLOGICAL EFFECTS OF PCBS ON GREAT LAKES ECOSYSTEMS
DONALD C. McNAUGHT
Sea Grant College Program
University of Minnesota, St. Paul, Minnesota
Ecological Effects and Interpretation by Trophic Level
Phytoplankton:
Functional measures of the inhibition or stimulation by PCBs have focused
on survival and growth of algae and measurements of rates of photosynthesis
and nutrient uptake. Because we want to focus on interpreting Great Lakes
information on the effects of PCBs with regard to decision making, comparable
studies of gross primary productivity (GPP) will be emphasized.
Phytoplankton species from marine environments were shown to be less
competitive in the presence of PCBs (Powers et al. l977) and to exhibit
reduced gross primary productivity at l pg/L of this compound (O'Connors et
al. l978) in early, important conceptual studies. Glooschenko (l97l) brought
such techniques to the study of Great Lakes ecosystems. By the late l9705, it
was known that PCBs at concentrations of l pg/L reduced growth of
phytoplankton in Lake Ontario (Glooschenko and Glooschenko, l975). However,
such high levels of PCBs were not commOn to these large lakes and Wayland
Swain of U.S. Environmental Protection Agency requested that I undertake an
investigation examining ambient levels. This required the development of a
size-fractionation technique for phytoplankton.
Great Lakes food chains have their basis in nannoplankton less than
20 pm in diameter. Dichlorobiphenyl and hexachlorobiphenyl inhibited
nannoplankton GPP more than net plankton GPP (McNaught et al. l980).
Specifically, dichlorobiphenyl inhibited GPP by nannoplankton 4.3 times than
the net plankton photosynthesis (NPP). In examination of effects of
hexachlorobiphenyl, we discovered that intermediate hydroxylated metabolites
were more inhibitory than their parent congeners. Thus the Great Lakes, like
their marine counterparts, had nannoplankton production at the base of their
food chains threatened by PCBs. The effects of PCB were also modified by
light. At depths of greater than 2.5 m in turbid Saginaw Bay, PCBs commonly
stimulated GPP (McNaught et al. l980). This increase in GPP was likely
associated with a stress-induced increase in respiration, while NPP remained
constant (Lederman and Rhee, l982). NPP was never stimulated by PCBs.
Other congeners had similar effects. Pentachloro—biphenyl (lOO pg/L)
led to reductions in GPP and chlorophyll production and at lower
concentrations (lO pg/L) it was observed that small diatoms were most
sensitive (Lin and Simmons, l981).
Gene
rall
y,
thes
e da
ta
on
the
effe
cts
of P
CBs
on g
ross
prim
ary
prod
ucti
vity
are adequate for understanding acute toxic effects. Evidence for reductions
of GPP at ambient levels is clear. Evidence for likely impacts on natural
systems is available. It appears that PCB levels in Saginaw Bay may reduce
GPP less than lOl, but during spring runoff these reductions in GPP may be as,
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large as 30% (McNaught et al. l980).
At the same time, other evidence shows
that PCBs reduce
growth rates (Lin and Simmons, l98l).
Thus, eVidence of
sublethal effects upon physiological
performance is clearly available for
Great Lakes ecosystems.
Zooplankton:
Functional
measures
of
inhibition
by
PCBs
have
been
developed
using
zooplankton
ingestion
and
reproduction.
Important
laboratory
studies
of
reproduction
illustrated
that
chronic
effects
occurred
at
high
concentrations
of
PCBs
(pg/L)
and
threshold
levels
were
often
the
lowest
levels
tested
to
date
(Nebeker
and
Puglisi,
l974;
Make and Johnson,
l975).
The interpretation
of field
studies
may
be
complicated
by
the
fact
that
natural
toxic
substances
are
released
by
blue—green
algae
(Gannon
and
Stemberger,
l978).
Because
of
the
adsorption
of
PCBs
to
glassware,
long—term,
chronic
mortalities
are
difficult
to
illustrate
in
laboratory
studies
employing
Diaptomus
(McNaught
et
al. l980).
In
controlled
field
studies
(McNaught
et
al.
l980),
zooplankton
grazing
was
reduced
43%
by
the
metabolic
products
of
dichlorobiphenyl
at
high
concentrations
(25
pg/L).
The
addition
of
natural
detritus
from
the
field
site,
Saginaw
Bay
in
Lake
Huron,
increased
bioaccumulation
of
PCBs.
When
total
community
grazing
was
measured
in
Saginaw
Bay,
it
was
reduced
86%
compared
to
the
open
lake.
The
reduction
was
similar
to
that
expected
from
the
high
levels
of
PCB
in
the
Saginaw
Bay
system,
but
cause
and
effect
could
not
be
ascertained
(recently,
a
grazing
bioassay
has
been
developed
and
published by McNaught et al. l987).
Laboratory
studies
have
demonstrated
sublethal
chronic
effects
on
zooplankton
reproduction.
In
controlled
field
studies,
acute
sublethal
effects
of
PCBs
included
reduction
of
ingestion
in
herbivores.
Evidence
is
totally
lacking
regarding
the
elimination
of
zooplankton
species
from
Great
Lakes
communities
as
a
result
of
PCBs.
Fishes:
Functional
measures
implicated
PCBs
in
the
reduction
of
the
reproductive
success,
as
well
as
the
mortality
of
lake
trout
fry.
Both
field
and
laboratory
studies
on
fishes
suffer
because
the
effects
of
PCBs
are
often
compounded
by
the
presence
of
DDT.
PCBs
caused
the
induction
of
hepatic
cytochrome
monooxygenase
activity
in
lake
trout
gametes
(Binder
and
Lech,
l984).
In
the
wild,
PCBs
and
DDT
were
correlated
with
the
mortality
of
chinook
salmon
in
the
Manistee
River,
based
on
levels
of
contaminant
residues
in
these
fish
(Giesy
l985).
Carefully
controlled
laboratory
studies
(Berlin
et
al.
l98l)
showed
delayed
mortality
of
lake
trout
fry
subjected
to
three
levels
of
PCBs
and
DDT
or
combinations
of
both.
Between
days
57
and
l36
of
the
experiment,
mortality
rates
of
exposed
fry
were
almost
two
times
those
of
the
controls.
Exposure
levels
simulated
those
in
Lake
M
i
c
h
i
g
a
n'
s
open
waters.
It
was
expected
that
PCB
levels
on
spawning
reefs
would
be
even
higher,
implying
g
r
e
a
t
e
r
potential
mortality.
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 Birds and Mammals:
The most dramatic
effects of PCBs are linked to reproductive failures in
fish—eating birds. Information is usually derived from observation as well
as measurement of body burdens of PCBs and DDE.
Generally, the residue levels
of PCBs and DOE in bird eggs were highest in the Great Lakes basin, as opposed
to other parts of Canada (Vermeer and Peakall,
1977).
Levels in eggs were
correlated with low reproductive success of herring gulls and cormorants.
Winter starvation of such birds may have led to metabolism of fats and
degradation of PCBs (Ludwig and Ludwig, 1969).
Primary
field
evidence
of
the
effects
of
PCBs
on
fish—eating
birds
involved reductions in shell thickness.
In the Great Lakes, nine of 13
fish-eating
birds showed decreases in shell thickness.
Reduction in shells
of mergansers was correlated with PCB levels (Faber and Hickey, 1973), while
DDE was more commonly implicated for most birds.
Herring gull colonies with
high
levels
of
PCBs
(800 pg/g)
and
DDE
were
characterized
by
severe
reproductive failures (Gilbertson 1974), commonly due to eggshell thinning.
Recently,
however,
it has
been
argued
that
current
concentrations
of
contaminants in the lower Great Lakes do not affect reproductive success of
herring gulls (Mineau 1984).
Behaviours of birds may also be affected by PCBs, including less effective
defense of nests and abnormal incubation behaviour; again, these are
observations linked to correlative evidence.
Observations
on fish—eating bird colonies thus suggest chronic effects of
PCBs when
combined with other toxicants.
These effects
involved
lower
reproductive success and behavioural abnormalities.
Quality of Evidence for Decision Making
The effects of PCBs, both acute and chronic, on important components of
Great Lakes ecosystems suggest the need for clear delineation of Areas of
Concern
involving
PCBs,
such
as Waukegan
Harbor,
Illinois.
Additional
evidence on the effects of PCBs is not needed to enable jurisdictions to act
wisely to protect both ecosystem health and the health of small segments of
the public consuming large amounts of fish.
In attempting to understand impacts of future toxicants on Great Lakes
ecosystems, the literature surveyed by Fitchko (1985) which formed the basis
of this summary, strongly suggested that biologists must rely more strongly on
experimental techniques to study impacts. When we are left only with
observation, as is the case of many bird studies, we cannot separate the
effects of interacting contaminants, especially PCB and DDE.
Secondly, it is clear that researchers must do more work using ambient
levels of contaminants, as is the case of important fish studies (Berlin et
a1. 1981) and phytoplankton (McNaught et a1. 1980).
When ambient levels are
employed, effects need not be interpolated.
In assessing research progress, it is obvious we now understand the impact
of PCBs. The Council of Great Lakes Research Managers has selected a group of
Compounds commonly found in the waters and biota of the Great Lakes that had
been present for many years (more than 45 years) and predictably has been a
problem, based on previous studies of DDT and DDE.
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 6. HUMAN HEALTH EVALUATION — A NECESSARY CHALLENGE
HAROLD E.B. HUMPHREY, Ph.D.
Michigan Department of Public Health, Lansing, Michigan
The human population represents the final link in the ecosystem food chain
and therefore can be a receptor of chemical contaminants present in the
system. Improved ability to detect toxic contaminants has fueled interest in
the impact these substances may have on humans who consume water or fish from
the Great Lakes. Speculation on what these outcomes may be, the extent of
exposure and the degree of risk can dominate public thinking when there is no
contemporary data base on the human aspect of the problem. In the absence of
information, perceived or estimated risk is used as a rationale to drive
program priorities and resource allocations. These decisions could greatly
benefit from the availability of data on human exposure to contaminants in the
Great Lakes basin. The Science Advisory Board has recognized this as a
priority research area. Recently, the Science Advisory Board and Water
Quality Board agreed that development of an epidemiologic data base on human
consumption of fish was mutually desirable and necessary.
Many elements of Great Lakes research focus on the aquatic ecosystem.
Humans are also a component of this biological system. Fish consumption
places humans at the top of the aquatic food chain and water consumption
places them in intimate contact with the aqueous phase of this environment.
It follows, therefore, that our attempt to understand the dynamics of the
lakes must include the study of the human aspect of this ecosystem as well.
With respect to toxic substances, humans can represent a final repository for
persistent organic contaminants in the aquatic environment such as our case
example, PCB. Thus, research programs dedicated to evaluate the impact of
toxic substances on biological communities must include a focus and commitment
to study the human community. Otherwise, our understanding of the Great Lakes
ecosystem is incomplete. The human health aspect of Great Lakes research is
fundamental and necessary.
Understanding the relationship between humans and the Great Lakes is
important for a number of reasons; three of these also impact our society:
l. Disease Prevention: The cost of medical diagnosis and health care has
risen astronomically. Treatment of real or perceived illness represents
an increasingly greater burden economically, personally, locally and
nati
onal
ly.
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 which drives
decisions
to allocate
resources
and
establish
priorities
for
I
remedial
action programs.
These expensive programs could benefit greatly
from
the
availability
of
hard
data
upon
which
better
judgement
and
good
decisions could be made.
3.
Toxic
Torts:
Legal
judgements
have
established
trust
funds
valued
at
millions
of
dollars
to
provide
for
medical
monitoring
and
surveillance
of
populations
believed
to
be
at
risk
from
exposure
to
toxic
contaminants.
1
Such
monitoring
is
becoming
a
principal
aspect
in
plaintiff
claims
for
damages
in
the
hazardous
waste
toxic
tort
arena.
Development
of
these
damage
claims
originates
in
toxicology
and
epidemiology.
Consideration
of
possible
adverse
outcomes
is
dependent
on
the
quality
of
the
data
base
available
on
the
human
population.
Again,
knowledge
based
on
measured
human
exposure
and
health
impacts
can
significantly
influence
the
necessity
of
these
judgements
and
their
costs
to
the
economy
and
society.
Discovery
of
contaminated
fish
in
the
Great
Lakes
has
prompted
the
need
for
an
assessment
of
the
human
health
aspect.
Public
awareness,
concern
and
speculation
beg
for
quality
information
on
toxic
substances
so
that
appropriate
and
precise
public
advice
can
be
provided.
Research
in
this
field
addresses
three
fundamental
concepts:
exposure
and
risk
estimation,
adverse
health
effect
assessment,
and
exposure
reduction
and
treatment.
Both
exposure
assessment
and
adverse
health
outcome
are
elements
which
fuel
the
estimation
of
risk.
If
we
have
an
appropriate
human
population
data
base
that
is
maintained
and
updated,
we
will
be
able
to
make
estimates,
verify
them
and
understand
the
significance
of
toxic
substances
found
in
the
ecosystem.
We
have
started
this
process
in
Michigan.
Funds
provided
by
the
U.S.
Environmental
Protection
Agency
in
l979—82
were
used
to
establish
a
cohort
study
of
99l
participants
(Humphrey
l983a).
One
group
of
572
persons
who
regularly
ate
one
or
more
meals
of
sport—caught
fish
per
week
(more
than
26
pounds/a)
were
recruited
from
ll
communities
along
the
Michigan
shoreline
of
Lake
Michigan.
A
matched
comparison
group
of
419
persons
who
ate
little
or
no
sport—caught
fish
(less
than
six
pounds/a)
were
randomly
selected
from
the
same
communities.
Annual
fish
consumption
rates
were
closely
monitored
over
two
seasons
by
field
interviews
and
dietary
logs.
In
the
exposed
group,
these
rates
ranged
from
24
to
270
pounds
per
year.
Serum
PCB
levels
for
the
exposed
and
comparison
groups
are
shown
in
table
l.
The
analytical
laboratory
protocol
developed
for
this
study
specifically
quantitated
PCB
and
ten
other
organochlorine
compounds.
The
frequency
of
occurrence
and
concentration
of
these
contaminants
in
the
serum
of’
the
572
exposed
fish-eaters
are
shown
in
table
2.
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TABLE 2: Chemica1 contaminants detected in the serum of 572 fish—eaters
 
1981 study.
DETECTION Z OF COHORT CONCENTRATION (ppb)
COMPOUND LIMIT (ppb) C.V.%* ABOVE DETECTION RANGE MEDIAN
Tota1 PCB 3 9.71 99.1 <3—202.7 21.4
DDE 1 7.31 99.5 <1-425 3 21.7
Tota1 DDT 1 7.33 99.7 <1—512.6 26.4
PBB 1 5.21 67.1 <1- 33.1 1.8
HCB 1 20.83 3.3 <1— 3.2 (1
Beta BHC 1 — 18.4 <1— 4.8 <1
0xych1ordane 2 — 4.2 <2— 5.5 <2
Hept. epoxide 2 - 0.5 <2- 2.6 <2
Trans—nonach1or 1 — 45.3 <1- 12.1 <1
Die1drin 1 — 19.6 <1— 6.0 <1
Mirex 2 6.99 0.2 <2— 3.1 <2
*CVi = coefficient of variation
PCB, DDT and DOE, which are 1ipid so1ub1e compounds, were detectab1e in
near1y every fish—eater. These compounds were 1ess frequent1y detected in the
comparison group whose median concentrations of 6.6 parts per bi11ion (ppb),
10.5 ppb and 9 ppb respective1y, were significant1y lower than those of the
fish—eaters. Except for po1ybrominated bipheny1 (PBB), a contaminant unique
to Michigan, the other seven compounds were detectab1e 1ess than 50% of the
time in fish-eaters and se1dom in the comparisons. The median concentration
of PCB found in the comparison group is consistent with va1ues reported in
other studies of unexposed popu1ations (Humphrey 1983b; Kreiss et a1. 1982;
Kreiss 1985).
Ubiquitous sources of PCB contribute to a gradua1 increase in body burden
over a 1ifetime. Eva1uation of serum PCB 1eve1s in a rura1 popu1ation with no
specific source of exposure showed that 65—70 year oids had mean 1eve1s three
times those of one to 19 year o1ds (Kreiss et a1. 1982). Regu1ar exposure to
a known source of PCB (fish) adds to this base1ine 1eve1, as shown by the
e1evated serum concentrations reported for the fish-eaters above. These
additiona1 body burdens are retained for decades. The corre1ation between
serum concentrations and quantity of fish eaten and duration (years) of
regu1ar sport-caught fish consumption show that these are significant factors
contributing to increased serum 1eve1s and, according1y, 1ifetime body burdens.
Regu1ar consumption of contaminated fish not on1y increases an
individua1's base1ine body burden of PCB and its toxic congeners, but each
mea1 a1so causes a temporary rise in the b1ood serum concentration of these
toxic substances. B1ood specimens were co11ected from 20 vo1unteers prior to
consumption and at 4, 6, 24, 48 and 168 hours after eating a ha1f-pound,
pan—fried fish. Fo11owing the mea1, serum PCB Teve1s immediate1y rose, peaked
within ten hours and gradua11y dec1ined, returning to the pre—mea1 base1ine
1eve1 over the next seven days.
Thus, a contaminated fish dinner resu1ts in a 1arge temporary e1evation of-
circulating 1eve1s of the toxic substances. The magnitude of change was
direct1y re1ated to the concentration of the contaminant in the cooked mea1.
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PCB concentrations following the meal also reached higher levels in persons
who regularly eat fish than in the comparison persons who never ate these
fish. The data indicate that regular consumers of contaminated fish receive
repeated dose spikes significantly above their baseline. The long—term
toxicological significance for humans is unknown.
Improvements
in
analytical
chemistry
have
allowed
a
more
precise
evaluation of the PCB mixture in serum. In the l98l study, the laboratory
quantitated PCBs using a temperature programmed gas chromatograph technique
and the Webb and McCall (l972) isomer identification method.
This approach
improved the separation of PCBs and DDT and avoided inflated PCB values,
which
have been a problem in the past, and allowed identification and quantitation
of
the major
elution
peaks
associated
with
these
standards.
Figure
l
shows
the median
concentration
calculated
for
each
of
the
various
PCB
elution peaks
found
in the
serum
of the
l98l
study
fish—eater
and
comparison
participants.
Peaks
associated
with
the
more
highly
chlorinated
Aroclor
l26O
standard
dominate the PCB pattern seen
in human
serum.
Persons
exposed
to
contaminated
fish
had
higher
concentrations
for
each
of
the
peaks
and
had
two
peaks
which
were
not
detected
in
the
comparison
group.
Except
for
peak
47,
the
median
concentrations
for
all
peaks
detected
in
fish—eater
serum
were
significantly
(p<0.00l) higher than those for the comparison group.
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FIGURE
1:
Median
PCB
levels
for
elution
peaks
found
in
human
serum
(Humphrey l987).
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Each of the PCB e1ution peaks contain one or more PCB homologs. Some of
the specific PCB congeners which are present and are major components in these
e1ution peaks have been identified (No1ff et a1. 1982; Webb and McCall, 1972)
and the toxicological properties for a number of the PCB congeners associated
with these homologs evaluated (Safe et a1. 1985; Safe 1984; Aust et a1.
1981). Table 3 identifies the seven e1ution peaks which constitute the major
proportion of the total PCB quantified in human serum. Each of these peaks
has at least one identified congener component for which the toxicological
properties have been evaluated. As shown, the major proportion of‘ the PCB
mixture found in human serum contains more highly chlorinated PCB congeners
which possess cytotoxic, enzyme induction or tumor promotion toxicological
characteristics. The transfer of these toxic forms of PCB from the
environment to humans is enhanced through consumption of contaminated fish.
TABLE 3: Toxicity of several PCB congeners associated with
prominent Aroclor 1260 peaks found in human sera.
15:13. 12m...
174 2 3 4 2' 4' 5' Cytotoxic]
146 2 4 5 2' 4' 5' Tumor promotor and PB Inducer
125 2 4 5 3' 4' Cytotoxic 2 and mixed inducer
203 2 3 4 2' 3' 4‘ Mixed inducer
232, 244 2 3 4 5 3' 4' Cytotoxic 3 and mixed inducer
1 Safe 1984; 2 Safe et a1. 1985; and 3Aust et a1. 1981.
The presence of a toxic contaminant in the human body raises a number of
fund
amen
tal
ques
tion
s,
the
answ
ers
for
whic
h w
e d
o n
ot p
osse
ss
at
this
time
.
This is especially important for a persistent lipophilic compound such as PCB
because we know that female body burdens cross the placenta and expose the
unborn, and appear in breast milk which can expose the newborn child (Eyster
et a1. 1983). Thus, exposure of PCB can be multi-generational. Compounds
such
as
PCBs
and
DDT
are
not
rapi
dly
excr
eted
from
the
body
and
this
persistence in humans provides for the continuous internal exposure of target
organs. Although the cohort of fish—eaters evaluated in 1981 did not report
medic
al h
istor
ies
which
were
signi
fican
tly
diffe
rent
from
their
compa
rison
neig
hbor
s (
tabl
e 3
),
the
long
—ter
m o
utco
me
of
thei
r h
ighe
r P
CB
body
burd
ens
remai
n un
known
at th
is t
ime
—— a
quest
ion
which
can
and
must
be a
nswer
ed.
We
know
that
the
highe
r ch
lorin
ated,
more
toxic
forms
of P
CB a
re t
hose
which
are
rece
ived
from
fish
and
reta
ined
over
time
.
We
do
not
know
if
the
leve
ls
rece
ived
are
suff
icie
nt
to
prod
uce
toxi
c e
ffec
ts
in
the
huma
n p
opul
atio
n.
Sin
ce
hum
ans
are
exp
ose
d
to
add
iti
ona
l
env
iro
nme
nta
l
che
mic
al
con
tam
ina
nts
from
fish
and
othe
r
sour
ces,
the
enzy
me
indu
ctio
n a
nd
tumo
r p
romo
tion
cha
rac
ter
ist
ics
of
cer
tai
n f
orm
s o
f P
CB
bec
ome
imp
ort
ant
asp
ect
s w
hic
h m
ust
be
evaluated.
Exp
osu
re
ass
ess
men
t
ind
ica
tes
tha
t
the
hum
an
is
a
fin
al
rec
ept
or
for
som
e
envi
ronm
enta
l c
hemi
cal
cont
amin
ants
.
Risk
esti
mati
on
indi
cate
s t
hat
adve
rse
heal
th
outc
omes
are
pote
ntia
lly
poss
ible
.
The
risk
esti
mati
on
proc
ess
req
uir
es
ass
ump
tio
ns
and
ext
rap
ola
tio
ns
bec
aus
e t
he
hum
an
epi
dem
iol
ogi
cal
dat
a
nece
ssar
y t
o n
wke
find
ings
more
prec
ise
do
not
exis
t.
The
Mich
igan
coho
rt
69
—  
 study provides a unique opportunity to address these questions concerning
human health effects from exposure to these toxic substances. Continued
observation and data collection from a population group such as this will
build the data bases necessary for verification of risk estimates, for more
precise administrative decisions, for a perspective upon which to prioritize
environmental contamination problems and for more accurate public information
and advice. Although a challenge, collection of information on the human
aspect is both necessary and desirable if we are to truly understand the
significance of toxic contaminants in our Great Lakes.
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 7. EVERYBODY'S BACKYARD
STEVEN SHRYBMAN
Canadian Environmental Law Association, Toronto, Ontario
An understanding of the causes and character of the crisis in public
confidence that attends the PCB issue can help us to devise more effective
ways for addressing the problem. A review of the events and circumstances
that have created the PCB imbroglio suggests that any effective management
strategy must be comprised of more than a scientific understanding of the
properties of the substance, the technological capability to dispose of it or
regulatory mechanisms to ensure remedial action. It must also understand the
social and political context within which any initiative will have to proceed.
Perhaps the most significant feature of this social climate is the dirth
of substantive information about PCBs that is actually available to the lay
public. Notwithstanding an extremely high media and political profile, public
response to PCB issues and incidents seem at times to be entirely out of
proportion to a dispassionate assessment of the matter or event. Part of the
explanation of this phenomenon may lie with the traditional and somewhat
paternalistic approaches to the problem that have been adopted in the past.
This suggests that if past mistakes are to be avoided, a new and proactive
approach that seeks to inform the public and engage the community's interest
may be in order. If we are all to recognize the collective character of the
problem and accept some measure of responsibility for addressing it, then we
must be given the authority to make the difficult decisions involved and the
information that would allow our judgement to be an informed and intelligent
one.
SOCIAL AND ECONOMIC CONSIDERATIONS
I am here to discuss, from an historical perspective, the social and
economic dimensions of the PCB imbroglio by briefly considering the events
that have led us from the introduction of this substance in l929 to the
predicament that we find ourselves in today. Some lessons will be identified
that might be learned from our experience with this substance. The word
"social" in this context means the character of public attitudes and the
nature of societal responses to PCB—related issues. An historical overview
can provide an important and useful perspective for developing appropriate
strategies for addressing the PCB problem in the future.
The perspective that I offer on this issue is not that of a social
sci
ent
ist
,
but
rat
her
tha
t o
f a
law
yer
with
the
Can
adi
an
Env
iro
nme
nta
l
Law
Asso
ciat
ion
(CEL
A).
CELA
has
been
invo
lved
with
PCBs
prim
aril
y a
s a
wast
e
management issue for several years. Recently, we represented two citizens
gro
ups
in
a h
ear
ing
bef
ore
the
Roya
l C
omm
iss
ion
on
the
Reg
ula
tor
y C
ont
rol
of
Mob
ile
PCB
Dis
pos
al
Tec
hno
log
y.
Tho
se
pro
cee
din
gs
las
ted
mor
e t
han
six
mon
ths
and
can
vas
sed
vir
tua
lly
eve
ry
asp
ect
of
the
PCB
pro
ble
m.
We
con
tin
ual
ly
and
to
an
eve
r-i
ncr
eas
ing
deg
ree
,
res
pon
d
to
req
ues
ts
for
adv
ice
and
inf
orm
ati
on
fro
m p
eop
le
who
are
ver
y c
onc
ern
ed
abo
ut
spi
lls
in
the
ir
com
mun
ity
, o
r f
rom
work
ers
conc
erne
d ab
out
occu
pati
onal
expo
sure
.
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From this perspective, let me briefly sketch the evaluation of the PCB
problem through three phases:
.° The first phase is problem identification and regulation. This refers to
the scientific identification and assessment of the problem, and taking
the initial steps to develop regulatory mechanisms for addressing it. In
this regard, it is interesting to note that it took us almost 40 years to
identify PCBs as an environmental problem. From the introduction of PCBs
in 1929, it was not until l968 that we had generally accepted evidence
that PCBs were a persistent and ubiquitous environmental contaminant with
some very negative implicatiOns for our ecology and health. It was
another nine years, to 1977, before the first regulatory step was taken in
Canada to control the virtually unregulated release of PCB materials into
the environment. Another decade is about to pass and there is yet a great
deal more scientific work and investigation to be undertaken. This will,
in turn, yield further regulatory initiatives. Using United States'
experience as a guide, when diSposal facilities are available, we will
probably want to pass regulations in Canada that force disposal of PCBs
removed from service. There is clearly a lot more on our agenda in this
regard.
 
° The second major dimension of the PCB problem concerns the technical and
economic obstacles to be overcome in order to satisfactorily deal with the
problem. In this regard, it should be noted that just ten years ago we
didn't have the means at hand to dispose of PCB materials. Since that
time, however, a number of initiatives have brought forward technologies
capable of destroying PCBs with a considerable measure of efficiency. In
some cases, this has meant the adaption of known technologies, for
example, high-temperature incinerators. On other occasions, the process
of identifying an elegant solution to the problem has meant the
development of new technological approaches. One example of these
approaches involves the reduction of PCBs to superheated plasma that
results in the molecular disassociation of the PCB material.
Another has
been developed to destroy low—level contaminated PCB mineral oils and
involves chemical treatment processes
that appear to be quite effective
in reducing PCB—contaminated oils to sludge, salt and reusable oil.
This
type of facility has been operating in the United States for several years
and on a trial basis in Canada.
It may be that the technological barriers
to effective PCB disposal have largely been overcome.
Certain economic impediments remain. One concerns the fact that most PCBs
are
currently
being
used in electrical
equipment that may still
have a
useful life of some 30 to 40 years.
The prospect of forcing attrition of
these
in-service
PCB
materials
is
rather
remote,
in
part
because
of the
expense
to
the
owners
of
this
equipment.
Another
economic
impediment
involves
the
cost
of
disposal.
At
two
to
three
Canadian
dollars
per
i
litre,
or
ten American
dollars
per
gallon,
storage
will
remain
a
much
more
attractive
option
without
legislation
that
requires
disposal.
There
is
s
also
a
concern
that
there
are
modest
amounts
of
PCB
materials
available
1
for
disposal.
This
raises
a
serious
question
with
regard
to
the
l
establishment
of
extremely
expensive
disposal
facilities
to
deal
with
‘
them.
Even
mobile
PCB
disposal
is
problematic
in
this
regard,
as
l
substantial
quantities
of
PCBs
would
have
to
be
gathered
in
one
location
1
to
make
siting
a
facility
even
temporarily
feasible.
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The third major dimension of the PCB problem concerns the social aspect.
There is a great deal of public anxiety about PCBs that most readily
translates into a reluctance to accept the risks associated with any
disposal initiative. This anxiety is attended by what some have described
as a virtual crisis in public confidence in the efficacy of laws and
regulations intended to safeguard public health and protect the
environment. It would also be fair to say that there is no other
substance, including many of greater toxicity, that can create the alarm
that PCBs readily generate.
It is not uncommon at CELA to receive calls from people whose reaction to
a local PCB incident is utterly out of proportion with regard to the
seriousness of the event. In response to a modest spill of contaminated
oil, which has been contained and cleaned up, a caller will insist on
having everyone's blood from the neighbourhood tested. Another recent
incident involved sewage treatment plant workers who refused to work,
claiming it was unsafe because of newspaper accounts concerning the
release of modestly contaminated water to the sewage system in the order
of parts per trillion before dilution.
There are several factors that may serve to explain the dubious
distinction PCBs have as 'Toxic Enemy Number One' in the public's perception.
They are persistent and ubiquitous. They also have tendency to bioaccumulate
in living organisms. In addition, several dramatic events have fueled public
interest and concern. One of the most recent and dramatic concerned the
Beluga whales dying in the St. Lawrence River, contaminated with levels of
PCBs that are utterly fantastic —— 575parts per million (ppm) in the fatty
tissue and as high as 1,750 ppm in the milk. This is clearly staggering when
one considers that at 50 ppm a material is considered PCB waste. If the
Transnortation of Dangerous Drugs Act applied to these mammals, they would be
operating illegally.
Another factor that has contributed to the notoriety of PCBs is the
difficulty of remedial action. By comparison, it was relatively easy to rid
ourselves of DDT. A further difficulty is the fact that PCBs are everywhere.
Not only is it ubiquitous in the environment, but it is also present in
virtually every building and neighbourhood. Consequently, we are continually
reminded of PCBs and there are daily incidents to provoke concern and media
coverage.
Finally, another factor that has heightened public anxiety concerns a
number of initiatives, ironically designed to address the problem, that
instead have provoked public controversy and reaction. Ontario's attempt to
burn
PCBs
at
the
St.
Lawr
ence
Co.
in
Miss
issa
uga,
Onta
rio,
prov
oked
a ma
jor
con
fro
nta
tio
n
wit
h
the
loca
l
mun
ici
pal
ity
,
whi
ch
was
con
cer
ned
wit
h
the
gove
rnme
nt's
desc
ript
ion
of
PCBs
as a
fuel
supp
leme
nt
as o
ppos
ed
to a
wast
e,
among other things.
Fro
m t
his
his
tor
ica
l
ove
rvi
ew,
sev
era
l
imp
res
sio
ns
eme
rge
.
The
fir
st
is
that
tech
nica
l m
eans
are
at
hand
for
deal
ing
with
the
prob
lem
of
PCB
wast
e
disp
osal
.
The
seco
nd
is
the
lack
of
publ
ic
conf
iden
ce
in
any
PCB—
rela
ted
init
iati
ve.
This
loom
s a
s a
very
subs
tant
ial
obst
acle
. T
he t
hird
is t
hat
the
not
ori
ety
tha
t h
as
att
end
ed
PCBs
may
app
ly
to
oth
er
sub
sta
nce
s a
s w
ell
.
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From our experience with PCBs several lessons may be learned. The first
is that a great deal more care must be taken in introdUCing potentially
problematic substances into our environment. Our experience with PCBs offers
a great illustration of how not to go about things. Second, a great deal more
public education is warranted. It's clear that from the tenor of public
reaction and the character of media coverage, people have very little accurate
information about this substance. Thus, there is no practical way for people
in the community to distinguish between contaminated oil at 3/l00th of one
percent PCB material and askarel. A strong argument can be made in favour of
an aggressive campaign of public education before the next crisis arises.
Waiting for another accident, fire, or spill, is choosing the very worst
environment in which to try to educate people with regard to the risks of PCBs.
Equally disadvantageous in timing is trying to inform people after their
community is chosen as a waste disposal or storage site. Such an announcement
often provokes a crisis in the community so that anything government officials
and scientists say in this context is regarded, not unjustifiably, as being
little more than a self—serving effort to downplay the impacts associated with
PCBs. Our traditional and somewhat paternalistic approaches to dealing with
technical issues don't seem to be working as well now as they used to. "Trust
us“ as an approach to public concern isn't really going to pass muster any
longer.
It is essential that we make every effort to inform people now, so
that when an accident or spill does occur, we won't be complaining that public
responses are mis— or ill-informed, an inevitability given the dirth of
information presently available to the public at large.
 
The third lesson is that there is probably, in terms of PCB disposal, no
quick fix no matter how appealing
the solution.
Proceeding too quickly can
retard progress rather than speed it up.
The
fourth
lesson
that can
be drawn
is the recognition that our interests,
our collective interest as a society in this issue,
is a great one, and that
many
of
the
decisions
that
have
to be made
are
matters
of
social
policy and
not predominantly
scientific
or
technical
matters.
One
of
the
problems
that
we
have
in our
society
is that the scientific community is expected to deliver
a great deal more certainty than it is capable of.
Those of you who have been
called
as
witnesses
in
judicial
or
quasi—judicial
proceedings
know
the
gap
being
scientific
understanding
and
burdens
of
proof.
Clearly
information
has
to
be
made
more
readily
available
so
that
people
can
appreciate
that,
while
many
decisions
should
be
informed
by
scientific
judgement,
they
are
Inatters
that
people
and
communities
are
as
capable
of
deciding
as
anyone
else.
If
we
are
going
to
expect
people
to
accept
some
measure
of
responsibility
for
dealing
with
the
problem,
every
opportunity
must
be
given
to
participate
in
the
decision—making
process
and
to
become
informed
about
all
of
the
issues
involved.
I
have
always
regarded
power
and
responsibility
as
interdependent.
If
we
expect
communities
to
be
responsible,
then
it
is
important
to
give
them
some
measure
of
authority
over
the
decision—making
and
regulatory
process.
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8. A BRIEF OVERVIEW OF PCB REGULATION IN THE UNITED STATES
NITH PARTICULAR REFERENCE TO THE GREAT LAKES STATES
KARL E. BREMER
U.S. Environmental Protection Agency, Chicago, Illinois
W
The Yusho incident that occurred in Japan in 1968 created considerable
concern in the United States over possible contamination of food by PCBs.
This single incident resulted in surveillance, analysis and the initiation of
government regulation of PCBs. The United States Food and Drug Administration
(FDA) started routine food sampling for PCBs in l969 and found that PCBs were
present in fish from the Great Lakes, in milk as a result of the use of PCBs
as a solvent in pesticide sprays and as a component of sealants used in farm
silos and in chickens from PCBs introduced into the feed as a component of
ground bread cartons and wrappers. It is now apparent that PCBs have been
present in fish since at least 1964, although they were not identified as the
cause of the problem until l97l.
The FDA established temporary tolerance levels for PCBs from l969 through
l97l at 0.2 mg/L in milk, 5 mg/kg in edible flesh of fish, 5 mg/kg in poultry
and 0.5 mg/kg in eggs. In 1970, the FDA prepared a summary of available
information on the chemistry and toxicity of PCBs and published a notice of
proposed rule—making in l972. The FDA formally established limits for PCBs in
food and animal feed in T973 and proposed a revision of these limits in l977.
During l970, the Council on Environmental Quality (CEQ) studied regulatory
approaches to the problem of toxic chemicals in the environment. In its 1971
report, “Toxic Substances,” CEQ identified PCBs as a major problem. The
initial response of responsible agencies was to establish a task force to
review the available information on PCBs and recommend regulatory alternatives.
In T973 and l974, the U.S. Environmental Protection Agency (U S. EPA)
proposed the establishment of water quality criteria for PCBs in industrial
discharges as a part of a program for establishing such criteria for a larger
group of pesticides. However, PCBs were not covered in the effluent standards
until l977.
The Occupational Safety and Health Administration (OSHA) adopted the
stan
dard
s
for
PCB
expo
sure
in
indu
stri
al
air
that
had
prev
ious
ly
been
esta
blis
hed
by
the
Amer
ican
Indu
stri
al
Hygi
ene
Asso
ciat
ion.
The
Nati
onal
Institute of Occupational Safety and Health (NIOSH) conducted a major review
of
avai
labl
e d
ata
and
an
exte
nsiv
e p
rogr
am
of
indu
stry
asse
ssme
nt
in
the
mid—l970s and the final report published in 1977 recommended that the
allowable concentration of PCBs in the workplace be reduced.
PCB REGULATION UNDER THE TOXIC SUBSTANCES CONTROL ACT
Sen
ato
r
Gay
lor
d
Nel
son
int
rod
uce
d
a
bil
l
to
ame
nd
the
pen
din
g
pro
pos
ed
Tox
ic
Sub
sta
nce
s C
ont
rol
Act
(TSC
A)
on
Mar
ch
26,
1976
.
Thi
s b
ill
req
Uir
ed
the.
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EPA to establish labeling and disposal requirements for PCBs and mandated an
eventual ban on the manufacture and processing of PCBs. This provision was
incorporated into TSCA as Section 6(e), became a requirement when TSCA was
signed into law October ll, l976 and became effective January l, l977.
Section 6(9) of the Act required EPA to establish rules governing the
marking and disposal of PCBs and prohibited, with certain exceptions, the
manufacture, processing, distribution and non—totally enclosed use of PCBs.
EPA issued marking and disposal rules in February l978 and issued PCB ban
rules May 3l, l979.
The agency's PCB marking rules require that PCB containers, transformers,
large high—voltage capacitors and various other PCB—containing items be marked
with a federal PCB label, rather than just the manufacturer's label, to ensure
that persons handling, transporting and disposing of them are aware that they
are subject to the TSCA rules governing processing, distribution, use and
disposal. Under certain circumstances, vehicles transporting PCBs also must
be marked.
In general, the PCB disposal rules require that PCBs and PCB items, when
removed from service,
are disposed of
in high—temperature
incinerators,
chemical waste landfills, or in certain cases high—efficiency boilers with a
PCB-destruction efficiency of 99.9 percent.
For some large—volume materials
that may occasionally be contaminated with PCBs, such as dredge spoil and
municipal sewage sludge, alternative disposal methods may be approved by EPA's
regional
administrators.
PCB
disposal
facilities
must
meet certain
technical
specifications
included in EPA rules.
Several
chemical waste landfills have
been
found
to
meet
the
criteria,
while
others
are
being
evaluated.
Applications
for
approval
of
several
high—temperature
incinerators
have
been
approved and are currently in operation.
EPA
Region
V
granted
approval
in
l983
to
SCA
Chemical
Services,
Inc
,
Chicago,
Illinois
for
commercial
operation
of
its
PCB
incinerator.
This
is
the
third
commercial
incinerator
approved
in
the
United
States
and
the
first
incinerator
in
the
Great
Lakes
area.
There
has
been
a
critical
shortage
of
disposal
facilities
for
high—concentration
PCB
materials.
This
problem
was
compounded
by
the
fact
that,
by
regulation,
all
PCBs
in
storage
prior
to
January
l,
l984,
must
be
disposed
of
by
that
date.
The
approval
of
the
SCA
incinerator
provided
the
additional
PCB
disposal
capacity
to
assist
companies
in the Great Lakes area.
Unless
a
specific
exemption
is
sought
and
granted,
all
manufacturing
of
PCBs
was
prohibited
after
the
effective
date
of
the
EPA
rules,
and
all
processing
and
distribution
was
prohibited
after
July
l,
l979.
Persons
who
wished
to
continue
such
activities
must
petition
the
agency
for
a
specific
exemption.
Since
l979,
the
regulations
have
been
amended
to
include
additional
requirements,
such
as
regular
inspections
for
leaks
of
PCB
transformers,
phase—out
of
PCB
equipment
posing
an
exposure
risk
to
food
or
feed
and
registering
PCB
transformers
with
fire
authorities.
EPA
estimated
that
about
750
million
pounds
of
PCBs
are
still
in
use.
Uses
of
this
material
in
a
totally
enclosed
manner
(e
g.
in
transformers
and
capacitors)
can
continue
indefinitely
with
the
exception
of
capacitors
in
public
areas
and
use
in
capacitors
and
transformers
posing
an
exposure
risk
to
food
and
feed.
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 ENFORCEMENT
Since the PCB regulations became effective in July l979, the EPA has
performed over 2,000 PCB inspections of facilities in the Great Lakes states
to ensure that the regulations on use, storage, disposal, marking and
record—keeping are followed.
Electric utilities, municipals and cooperatives, as well as 65 other
standard industrial classifications, comprise a list of approximately 8,000
operations in the Great Lakes states alone that are possible candidates for
inspections.
Specific inspection sites are chosen at random from the 65 classifications
and are based on:
- Records of past purchases of PCBs;
— Possible use of PCBs because of the nature of the industry;
— Referrals by known or anonymous sources;
— Reported mishandling or abuses of PCBs;
- Spill history; and
— Requests for investigation by state, headquarters,
interagency groups or the Great Lakes National Program
Office.
In the U.S., four possible alternative actions are taken following a PCB
inspection. These include:
1. A letter of compliance — indicates that a facility has not met all
requirements of the PCB regulation with respect to a given site.
2. A notice of noncompliance — indicates that a facility was observed
to have minor infractions of the PCB regulation.
3. A civil administrative complaint - a legal action based on
violation of the PCB regulation resulting in a proposed penalty.
4. A criminal procedure — used in extreme cases when there have been
blatant infractions and total disregard for the regulation.
From 1978—1985, the PCB enforcement program in the U.S. resulted in the
filing of l,ll6 civil administrative actions against violators. In addition,
$10,
622,
249
in p
enal
ties
were
asse
ssed
agai
nst
thes
e f
acil
itie
s.
Of
the
U.S.
facilities penalized, 403 or 36% were located in the Great Lakes states
represented by New York, Ohio, Indiana, Michigan, Illinois, Wisconsin and
Minnesota.
The most important part of the U.S. PCB control program and more
specifically, the control program in the Great Lakes states, has been the use
of landmark PCB cases as examples to industry that these regulations are to be
complied with. The press and news media have assisted in this effort.
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 Reiative
to
environmentai
improvement,
the
use
of
the
consent
agreement
and
finai
order
(CAFO)
is
an
important
facet
foiiowing
any
PCB
enforcement
action.
The
agency
setties
an
enforcement
action
case
when
the
vioiator
presents
and
commits
to
a
pian
of
remediai
action
that
may
inciude
cieanup of
PCB—contaminated
materiai
at
the
faciiity,
proper
disposai
of
PCBs,
or
other
simiiar
actions
to
achieve
fuii
compiiance
with
U.S.
reguiations.
This
finai
step
in
PCB
controi
has
been
most
effective
in
preventing
further
PCB
contaminations
of
the
Great
Lakes
watershed.
  
 9. MANAGEMENT AND REMEDIAL MEASURES
D. J. PASCOE
Environment Canada, Toronto, Ontario
This paper presents the Canadian PCB action plan, developed
cooperatively
by federal and provincial governments in 1985. The plan is in reaction to
shortcomings experienced in the overall management of PCBs, specifically those
related to its transportation. Significant aspects of the management of PCB
are dealt with, including the existing regulatory programs. The influence
that research has played in the development of the existing PCB programs and
the requirements for future research are also discussed.
In April l985, a shipment of PCBs travelling by road from Quebec to a
storage facility in Alberta developed a leak. Before the transport trailer
(on which the load was being carried) could be stopped, approximately 400
litres had been spilled over lOO Kilometers of a major highway in northern
Ontario. A multitude of departments from all levels of government became
involved in responding to the situation. This spill, now Known as the “Kenora
incident,” was highly publicized because it happened in the first place and
because of apparent inadequate response to it.
The following two paragraphs, taken from the “The PCB Situation in
Canada,” Environmental Protection Service, September l985, exemplify the
problem facing all regulatory agencies as a result of such spills.
The process of minimizing and ultimately eliminating PCB
contamination in the Canadian environment is under way. The
technology exists to handle, store and destroy PCBs safely.
Regulations are in place and statutory authority is available. In
practice, however, the process is not under control. Administrative
shortcomings in the government and private sectors, and inadequate
public education appear to be at the root of the difficulty being
experienced in PCB management in Canada.
A critical shortage of good storage space for PCB wastes arose as
many storage sites were filled to capacity and no provision was made
for additional safe storage. Interprovincial transport of PCB waste,
sometimes over thousands of miles, was permitted, but not carefully
managed. There was failure to convince the public of the safety of
disposal facilities and consequently there is no PCB disposal
facility in operation. The degree of control and cooperation between
governments that is necessary to achieve sound management of PCBs was
never fully achieved. Inevitably significant spills occurred, most
of them avoidable. Lack of sound management was indicated by the
reaction of authorities to the Kenora incident and the need for
better coordinated management of PCBs in Canada was reinforced.
Continued storage of PCBs in the absence of suitable destruction
facilities is not a sound management scheme.
Although this is a somewhat damning indictment of control agencies,
the Kenora incident did act as a catalyst for governments to JOlntly
address the issue in a united fashion rather than in random and disparate
stabs.
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 Th
e
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Co
un
ci
l
of
Re
so
ur
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En
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en
t
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Ke
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il
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e
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B
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e
el
em
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e
pl
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re
fe
rr
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e
“P
CB
Ac
ti
on
Plan,“ are:
(i
)
t
e
c
h
n
o
l
o
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s
s
e
s
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n
t
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d
d
e
v
e
l
o
p
m
e
n
t
;
(i
i)
sp
il
l
re
sp
on
se
,
tr
ai
ni
ng
an
d
te
ch
ni
ca
l
in
fo
rm
at
io
n;
(iii) inventories;
(i
v)
t
r
a
n
s
p
o
r
t
a
t
i
o
n
;
(v
)
co
de
s
an
d
st
an
da
rd
s
fo
r
st
or
ag
e,
ha
nd
li
ng
,
de
st
ru
ct
io
n
an
d
en
vi
ro
nm
en
ta
l
qu
al
it
y;
(v
i)
fe
de
ra
l-
pr
ov
in
ci
al
in
te
rf
ac
e;
(v
ii
)
na
ti
on
al
pu
bl
ic
in
fo
rm
at
io
n
pl
an
;
(v
ii
i)
th
e
ph
as
eo
ut
of
PC
B
in
Ca
na
da
;
an
d
(i
x)
en
vi
ro
nm
en
ta
l
li
ab
il
it
y
in
su
ra
nc
e.
Be
fo
re
di
sc
us
si
ng
th
e
st
ep
s
be
in
g
ta
ke
n
fo
r
ea
ch
of
th
es
e,
a
re
vi
ew
of
th
e
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ti
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ma
y
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to
es
ta
bl
is
h
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e
co
nt
ro
ls
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at
ha
ve
al
re
ad
y
be
en
put into place.
REGULATORY PROGRAMS
Th
e
En
vi
ro
nm
en
ta
l
Co
nt
am
in
an
ts
Ac
t
(EC
A)
was
pr
oc
la
im
ed
in
197
6.
Th
is
Ac
t
pr
ov
id
es
the
go
ve
rn
me
nt
wi
th
the
po
we
r
to
co
nd
uc
t
in
ve
st
ig
at
io
ns
to
de
te
rm
in
e
wh
et
he
r
a
pa
rt
ic
ul
ar
su
bs
ta
nc
e
po
se
s
a
th
re
at
to
the
en
vi
ro
nm
en
t.
It
ma
y
al
so
be
use
d
to
re
st
ri
ct
or
ev
en
pr
oh
ib
it
the
use
of
a
su
bs
ta
nc
e.
Th
e
fi
rs
t
su
bs
ta
nc
e
to
be
re
gu
la
te
d
un
de
r
the
ECA
was
PCB
;
on
e
of
the
ma
jo
r
dr
iv
in
g
for
ces
for
thi
s
reg
ula
tio
n
was
the
Org
ani
zat
ion
for
Eco
nom
ic
Coo
per
ati
on
and
Dev
elo
pme
nt
(OE
CD)
dec
isi
on
of
l97
3,
whi
ch
rec
omm
end
ed
tha
t
all
mem
ber
cou
ntr
ies
dev
elo
p
con
tro
l
mec
han
ism
s
to
eli
min
ate
the
rel
eas
e
of
PCB
s
int
o
the
environment.
Res
ear
ch
con
duc
ted
by
OEC
D
cou
ntr
ies
ind
ica
ted
tha
t
con
tro
ls
sho
uld
be
dir
ect
ed
at
the
“op
en”
use
s
of
PCB
s
-
tho
se
use
s
for
whi
ch
PCB
s
wer
e
not
enc
los
ed
wit
hin
som
e
sor
t o
f
phy
sic
al
con
tai
nme
nt.
The
fir
st
PCB
reg
ula
tio
n
in
Sep
tem
ber
197
7
con
cen
tra
ted
spe
cif
ica
lly
on
ban
nin
g
the
ope
n
use
s
of
PCB
s.
Ref
err
ed
to
as
PCB
Reg
ula
tio
n
No.
1,
it
res
tri
cte
d
the
use
of
PCB
s
to
thr
ee
major areas:
(i)
use
in
the
ope
rat
ion
and
ser
vic
ing
of
ele
ctr
ica
l
cap
aci
tor
s,
tra
nsf
orm
ers
and
ass
oci
ate
d
swi
tch
gea
r
and
the
equ
ipm
ent
inv
olv
ed
in
their manufacture;
(ii
)
use
in
mec
han
ica
l
equ
ipm
ent
(he
at
tra
nsf
er
equ
ipm
ent
,
hyd
rau
lic
equ
ipm
ent
and
vap
our
dif
fus
ion
pum
ps)
tha
t
was
in
use
pri
or
to
March l, 1977; and
(iii) use in equipment designed to destroy PCB.
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 The regulation prohibited the new use or import of any equipment, other
than electrical, after September l, l977.
PCB Regulation No. l and the amendment to that regulation, published in
July 1980, achieved the following:
0
The use of PCBs as a constituent of any product, machinery or
equ1pment manufactured in or imported into Canada was banned.
The use of PCBs in the servicing of any product, machinery or
eqUipment other than electromagnets, electrical transformers and
assoc1ated electrical equipment was banned.
° The use of PCBs as a new filling or make-up fluid in the
serviCing or maintenance of any electromagnet, electrical
transformer or associated electrical equipment was banned.
The use of PCBs in electromagnets that are used to handle food,
animal feed or anything intended to be added to food or animal
feed was banned.
Two further ECA regulations, PCB Regulations No. 2 and 3, came into force
in l985. PCB Regulation No. 2 prohibits the import, manufacture or sale of
equipment designed to use PCBs and containing PCB in a concentratiOn greater
than 50 parts per million (ppm). The regulation is intended to accelerate the
phasing out of PCB—containing equipment and, because sales are prohibited, to
minimize the potential for spills during the transportation of equipment from
one site to another.
PCB Regulation No. 3 prevents the release of PCB to the environment. The
regulation makes it an offence to willfully release or permit the release of
PCBs into the environment in a quantity greater than one gram per day from the
operation, servicing, maintenance, transportation or storage of any one piece
or any one package of: electrical transformers and capacitors,
electromagnets, heat transfer equipment, vapour diffusion pumps and hydraulic
equipment. The regulation also limits the concentration of PCBs in
road
-oil
ing
appl
icat
ions
to
less
than
five
ppm
and
limi
ts
the
rele
ase
from
other manufacturing operations to less than 50 ppm.
The
Fed
era
l
Tra
nsp
ort
ati
on
of
Dan
ger
ous
Goo
ds
Act,
est
abl
ish
ed
to
ens
ure
the
saf
e
tra
nsp
ort
ati
on
of
haz
ard
ous
com
mod
iti
es,
req
uir
es
that
int
erp
rov
inc
ial
and
int
ern
ati
ona
l
mov
eme
nt
of
spe
cif
ic
was
tes
be
man
ife
ste
d
and
tha
t
the
y
be
dir
ect
ed
to
app
rov
ed
dis
pos
al
fac
ili
tie
s.
The
reg
ula
tio
ns
Cam
e
int
o
eff
ect
in
Jul
y
l98
5
and
are
alr
ead
y
bei
ng
rev
ise
d
to
inc
orp
ora
te
mor
e
str
ing
ent
mea
sur
es
for
the
tra
nsp
ort
ati
on
of
PCB
s.
The
rev
isi
ons
:
bas
ed
on
an
eme
rge
ncy
Pro
tec
tiv
e
Dir
ect
ion
and
iss
ued
in
Apr
il
198
5
fol
low
1ng
the
Ken
ora
PCB
spi
ll,
req
uir
e
the
use
of
rig
id,
lea
k—p
roo
f
con
tai
ner
s
sec
ure
d
to
the
tra
nsp
ort
veh
icl
e
to
shi
p
PCB
s
or
art
icl
es
con
tai
nin
g
PCB
s.
At
le
as
t
th
re
e
ot
he
r
fe
de
ra
l
act
s
(F
is
he
ri
es
Act
,
Oc
ea
n
Du
mp
in
g
Con
tro
l
Act
and
the
Can
ada
Shi
ppi
ng
Act
)
cou
ld
be
use
d
to
con
tro
l
PCB
rel
eas
es
int
o
the environment.
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 Sev
era
l
pie
ces
of
pro
vin
cia
l
leg
isl
ati
on
are
dir
ect
ed
gen
era
lly
or
spe
cif
ica
lly
at
PCBs
.
Bec
aus
e
of
the
exi
ste
nce
of
the
fed
era
l
use
—re
lat
ed
leg
isl
ati
on,
the
y
ten
d
to
con
cen
tra
te
on
the
pro
per
han
dli
ng,
sto
rag
e
and
tra
nsp
ort
ati
on
of
PCBs
.
For
exa
mpl
e,
Ont
ari
o‘s
Reg
ula
tio
n l
l/8
2,
und
er
the
ir
Envi
ronm
enta
l P
rote
ctio
n A
ct,
pres
crib
es
the
cond
itio
ns
unde
r w
hich
PCBs
must
be
sto
red
at
each
site
in
Ont
ari
o.
Eac
h
pro
vin
ce
is
put
tin
g
in
pla
ce
leg
isl
ati
on
com
pat
ibl
e
wit
h
the
Tra
nsp
ort
ati
on
of
Dan
ger
ous
Goo
ds
Act
to
spe
cif
ica
lly
con
tro
l
the
pro
per
int
erp
rov
inc
ial
tra
nsp
ort
of
che
mic
als
,
inc
lud
ing
PCB.
Det
ail
ed
pro
ced
ure
s a
re
in
pla
ce
to
ens
ure
tha
t P
CBs
and
oth
er
was
tes
are
pro
per
ly
doc
ume
nte
d,
lab
ell
ed
and
tra
nsp
ort
ed.
NONREGULATORY PROGRAMS
In
conc
ert
with
the
regu
lato
ry
cont
rol
prog
ram,
othe
r
init
iati
ves
contribute to the overall management of PCB. In l977, an inventory system was
created to document the location of PCB—containing equipment in Canada. The
inven
tory
conta
ins
detai
led
infor
matio
n on
the
owner
s,
locat
ions,
numbe
rs,
size, fluid volume, etc. of PCB—containing equipment. Each piece of equipment
has been labelled with a serialized label, which is recorded in the
inventory. Although the labelling program was initially directed solely at
equipment designed to use PCB and thus containing PCB in concentrations at the
70% range, it has now been extended to include equipment not designed to use
PCB but whose fluid has become contaminated with PCB at the ppm range.
As well as providing valuable information for fire departments and other
emergency services, the inventory is used to Keep track of the movement of
equipment and its removal from service. Ultimately all of the PCB fluid will
have to be disposed of and, until such disposal facilities are available in
Canada, the fluid will continue to be monitored to ensure that it does not “go
astray” before it is properly disposed.
A federal interdepartmental inspection program was established in l982.
It requires that all PCB—containing equipment at federally inspected
facilities be inspected to ensure it is properly maintained and is not posing
an environmental or human health risk.
The program relies on inspectors who are visiting facilities while
carrying out their primary federal responsibilities (for example, Agriculture
Canada inspectors visit food—processing industries to ensure safe practices
and at the same time look at PCB equipment). Canadian departments involved in
the program include: Health and Welfare, Fisheries and Oceans, Agriculture
and the Grain Commission. This program is in place across the country and is
in the process of being expanded to include other nonfederal agencies whose
networks of inspectors can also be used to inspect PCB equipment.
THE PCB ACTION PLAN
. . As indicated earlier, the PCB action plan is a joint federal—provincial
initiative to address specific concerns in PCB management. The individual
elements of that plan are as follow:
82
 
 (i)
(ii)
Technology Assessment and Development
The problem facing all regulatory agencies is the disposal of PCB now
in service or in storage and the interim management of it until
disposal faCilities are available.
The PCB inventory (data summary below) reveals a requirement for the
ultimate disposal of 20,400 tonnes of PCB in Canada. This total does
not include the fluid that has been contaminated with PCB at low
levels (ppm levels); it is solely the high level PCB fluid normally
found in equipment designed to operate using PCB.
Ontario Caﬂada
Amount of PCB in use (tonnes) 7,4l4 14,852
Amount of PCB in storage (tonnes) 752 5,547
Amount of PCB for ultimate disposal (tonnes) 8,l66 20,399
(total of PCB in use and in storage)
The technology for destruction of PCBs already exists and has been
operating in other countries for a number of years. The most
effective method of destroying PCBs is to burn them in high
temperature incinerators; however, the disadvantages of permanent
facilities with the attendant difficulties of spills during the
transportation of wastes and public opposition have led to the use of
mobile units. Although there are no PCB destruction facilities
oper
atin
g i
n C
anad
a,
seve
ral
prov
ince
s h
ave
alre
ady
begu
n w
ork
on
esta
blis
hing
disp
osal
faci
liti
es,
for
eith
er
high
leve
l
wast
es
(Al
ber
ta,
Ont
ari
o,
Man
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Que
bec
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r l
ow
leve
l w
ast
es
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,
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ic
pro
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r m
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o l
eng
thy
pub
lic
hea
rin
g
pro
ces
ses
,
whi
ch
cou
ld
del
ay
the
actu
al
est
abl
ish
men
t
of
such
a
fac
ili
ty
by
up
to
two
yea
rs.
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 (iii)
wi
th
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.
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.
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e
pr
ep
ar
at
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—
th
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ev
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re
e
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g
PC
B
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at
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—
th
e
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or
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e
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d
ve
hi
cl
e—
po
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at
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l
in
fo
rm
at
io
n
on
pr
op
er
ti
es
,
be
ha
vi
ou
r,
ha
za
rd
s,
co
un
te
rm
ea
su
re
s
an
d
di
sp
os
al
(b
y
Ol
/l
l/
86
);
-
th
e
re
vi
ew
of
a
re
po
rt
of
sp
il
l
co
un
te
rm
ea
su
re
s
de
sc
ri
bi
ng
eq
ui
pm
en
t,
pr
oc
es
se
s,
ag
en
ts
an
d
te
ch
ni
qu
es
fo
r
sp
il
l
cl
ea
nu
p,
in
pr
ep
ar
at
io
n
fo
r
th
e
En
vi
ro
TI
PS
ma
nu
al
(b
y
Ol
/O
3/
86
);
an
d
-
th
e
pr
ep
ar
at
io
n
of
a
bo
ok
le
t
th
at
de
sc
ri
be
s
th
e
ef
fe
ct
s
an
d
ha
za
rd
s
of
ch
em
ic
al
sp
il
ls
an
d
as
so
ci
at
ed
cl
ea
nu
p
te
ch
ni
qu
es
(b
y
early l987).
Inventories
Th
e
PC
B
in
ve
nt
or
y
is
up
da
te
d
an
d
ma
in
ta
in
ed
co
nt
in
ua
ll
y
ra
th
er
th
an
on
a
pe
ri
od
ic
ba
si
s.
It
is
th
e
fo
un
da
ti
on
on
wh
ic
h
th
e
PC
B
co
nt
ro
l
~p
ro
gr
am
ha
s
be
en
es
ta
bl
is
he
d
an
d,
as
ca
n
be
se
en
fr
om
th
e
fi
gu
re
s
pr
es
en
te
d
ea
rl
ie
r,
is
us
ed
to
de
te
rm
in
e
th
e
am
ou
nt
of
PC
B
th
at
wi
ll
be
ul
ti
ma
te
ly
de
st
ro
ye
d
an
d
of
wh
ic
h
a
re
co
rd
mu
st
be
ke
pt
.
Th
er
e
ha
s
be
en
so
me
di
sc
us
si
on
ab
ou
t
ex
pa
nd
in
g
th
e
in
ve
nt
or
y
to
in
cl
ud
e
PC
B—
co
nt
am
in
at
ed
oi
ls
ra
th
er
th
an
ju
st
th
e
hi
gh
le
ve
l
PC
B
fl
ui
ds
.
Th
e
fo
ll
ow
in
g
pr
oj
ec
ts
re
la
te
to
th
e
ma
in
te
na
nc
e
an
d
po
te
nt
ia
l
expansion of the inventory:
~
th
e
pr
ep
ar
at
io
n
of
an
At
la
nt
ic
in
ve
nt
or
y
of
PC
B—
co
nt
am
in
at
ed
mi
ne
ra
l
oi
ls
fo
r
the
pu
rp
os
e
of
ev
al
ua
ti
ng
the
po
te
nt
ia
l
for
a
PC
B
co
nt
am
in
at
ed
mi
ne
ra
l
oi
l
in
ve
nt
or
y
(l
ow
le
ve
l
in
ve
nt
or
y)
an
d
the
fe
as
ib
il
it
y
of
a
mo
bi
le
,
low
lev
el
tr
ea
tm
en
t
un
it
in
the
Atlantic provinces (by Ol/ll/86); and
—
an
upd
ate
and
ver
ifi
cat
ion
of
the
hig
h
lev
el
PCB
inv
ent
ory
(completed 01/08/85).
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 (iv)
(v)
Transportation
With the passage of regulations under the Transportation of Dangerous
Goods Act (TDGA), a significant step has already been taken to
control the interprovincial and international transportation of
PCBs. The provinces will be enacting or have already enacted their
own regulations to control interprovincial transport. All provinces
are expected to have legislation implementing the requirements of the
federal TDGA within their jurisdictions by February 1986. Two
projects are being conducted under this heading of the PCB action
plan:
- an evaluation of the extent to which the prov‘
the TDGA regulations or provincial eauiva‘ents
ces will adopt
C 2 r E
of PCB inside their boundaries (by 01/04/253; an?
shipment
—
the
dev
elo
pme
nt
of
a p
ren
oti
tic
ati
on
sys
tem
for
tre
sri
sme
nt
of
PCBs across interprovincial and international boundaries. This
wil
l
be
bui
lt
int
o t
he
TDG
A r
egu
lat
ion
s
(by
01/
04/
86)
.
Codes and Standards for
Sto
rag
e.
Han
dli
ng,
Des
tru
cti
on
and
Env
iro
nme
nta
l
Qua
lit
y
The
sub
jec
t
of
emi
ssi
on
sta
nda
rds
and
saf
ety
fac
tor
s
for
the
rel
eas
e
of
PC8
5
and
byp
rod
uct
s
fro
m
the
ir
des
tru
cti
on
is
one
of
the
Key
iss
ues
tha
t
rel
ate
s
to
the
tes
tin
g
and
ope
rat
ion
of
PCB
des
tru
cti
on
fac
ili
tie
s,
and
one
whi
ch
wil
l
dra
w
kee
n
pub
lic
scr
uti
ny.
Thi
s
el
em
en
t
of
th
e
ac
ti
on
pl
an
is
di
re
ct
ed
at
de
ve
lo
pi
ng
co
mp
re
he
ns
iv
e
an
d
co
ns
is
te
nt
pr
oc
ed
ur
es
for
PCB
ma
na
ge
me
nt
,
sa
mp
li
ng
and
an
al
ysi
s.
It
in
cl
ud
es
th
e
re
vi
si
on
and
up
da
ti
ng
of
ex
is
ti
ng
ma
nu
al
s,
or
gui
de
s
re
la
ti
ng
to
PC
B
ma
na
ge
me
nt
pr
ac
ti
ce
s
as
we
ll
as
th
e
de
ve
lo
pm
en
t
of
ne
w
ma
nu
al
s,
st
an
da
rd
s,
et
c.
Th
er
e
ar
e
se
ve
ra
l
pr
oj
ec
ts
di
re
ct
ed
at
this topic:
—
th
e
pr
od
uc
ti
on
of
a
sc
ie
nt
if
ic
cr
it
er
ia
do
cu
me
nt
fo
r
PC
Bs
in
ai
r,
wa
te
r
an
d
so
il
wi
th
th
e
ev
en
tu
al
go
al
of
es
ta
bl
is
hi
ng
na
ti
on
al
ob
je
ct
iv
es
or
gu
id
el
in
es
(b
y
01
/0
3/
88
);
-
th
e
re
vi
ew
of
PC
B
ac
ti
on
le
ve
ls
,
gu
id
el
in
es
,
et
c.
as
a
ba
si
s
fo
r
th
e
es
ta
bl
is
hm
en
t
of
na
ti
on
al
en
vi
ro
nm
en
ta
l
qu
al
it
y
ob
je
ct
iv
es
(by 01/05/86);
—
th
e
ev
al
ua
ti
on
of
ex
is
ti
ng
cr
it
er
ia
an
d
re
co
mm
en
da
ti
on
of
in
te
ri
m
na
ti
on
al
em
is
si
on
cr
it
er
ia
fo
r
PC
B
de
st
ru
ct
io
n
fa
ci
li
ti
es
(b
y
01
/0
2/
86
);
—
th
e
p
r
e
p
a
r
a
t
i
o
n
of
a
co
mp
re
he
ns
iv
e
an
d
cu
rr
en
t
gu
id
e
to
.P
CB
w
a
s
t
e
m
a
n
a
g
e
m
e
n
t
,
i
n
c
o
r
p
o
r
a
t
i
n
g
i
n
f
o
r
m
a
t
i
o
n
on
l
a
b
e
l
l
i
n
g
,
d
e
c
o
m
m
i
s
s
i
o
n
i
n
g
,
de
co
nt
am
in
at
io
n,
di
sp
os
al
,
et
c.
(b
y
01
/0
2/
86
);
and
—
t
h
e
d
e
s
i
g
n
a
t
i
o
n
o
f
r
e
c
o
m
m
e
n
d
e
d
p
r
o
c
e
d
u
r
e
s
f
o
r
s
a
m
p
l
i
n
g
a
n
d
a
n
a
l
y
s
i
s
o
f
P
C
B
s
in
oi
l
a
n
d
w
a
t
e
r
(
c
o
m
p
l
e
t
e
d
3
1
/
0
7
/
8
5
)
,
so
il
a
n
d
s
e
d
i
m
e
n
t
s
(
c
o
m
p
l
e
t
e
d
3
1
/
0
8
/
8
5
)
,
a
n
d
a
i
r
(
b
y
1
9
8
7
)
.
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 (vi)
federal—Provincial
Interface
Provincial
agencies
have
the
overall
responsibility
for
waste
management
and
therefore
bear
the
burden
for
PCB
destruction.
As
a
result,
a
number
of
provinces
have
already
taken
steps
toward
e
s
t
a
b
l
i
s
h
i
n
g
d
e
s
t
r
uc
t
i
o
n
facilities,
either
m
o
b
i
l
e
or
fixed.
A
concerted
effort
is
needed
to
address
the
d
e
s
t
r
uc
t
i
o
n
of
PCBs
to
ensure
that
only
the
required
number
of
f
a
c
i
l
i
t
i
e
s
are
built
(i.e.
a
f
a
c
i
l
i
t
y
in
each
p
r
o
v
i
n
c
e
w
o
u
l
d
be
a
r
i
d
i
c
u
l
o
u
s
level
o
f
o
v
e
r
k
i
l
l
)
and
that
the
n
e
e
d
s
o
f
the
w
h
o
l
e
c
o
u
n
t
r
y
a
r
e
t
a
k
e
n
i
n
t
o
a
c
c
o
u
n
t
.
T
h
i
s
subject
is
addressed
by
two
projects:
—
t
h
e
d
e
t
e
r
m
i
n
a
t
i
o
n
o
f
a
l
l
h
a
z
a
r
d
o
u
s
w
a
s
t
e
s
in
f
e
d
e
r
a
l
f
a
c
i
l
i
t
i
e
s
in
Q
u
e
b
e
c
a
n
d
t
h
e
A
t
l
a
n
t
i
c
p
r
o
v
i
n
c
e
s
t
o
e
s
t
i
m
a
t
e
t
h
e
u
s
e
o
f
S
E
R
D
O
Q
(a
Q
u
e
b
e
c
d
e
s
t
r
u
c
t
i
o
n
f
a
c
i
l
i
t
y
)
a
n
d
t
h
e
d
e
t
e
r
m
i
n
a
t
i
o
n
o
f
t
r
a
n
s
p
o
r
t
c
o
s
t
s
o
f
P
C
B
f
r
o
m
t
h
e
A
t
l
a
n
t
i
c
p
r
o
v
i
n
c
e
s
(
b
y
l
9
8
6
)
;
a
n
d
—
t
h
e
e
x
a
m
i
n
a
t
i
o
n
o
f
p
r
o
v
i
n
c
i
a
l
l
e
g
i
s
l
a
t
i
o
n
o
n
d
i
s
p
o
s
a
l
,
h
a
n
d
l
i
n
g
,
s
t
o
r
a
g
e
a
n
d
t
r
a
n
s
p
o
r
t
a
t
i
o
n
o
f
a
l
l
h
a
z
a
r
d
o
u
s
w
a
s
t
e
s
t
o
e
n
s
u
r
e
t
h
e
c
o
m
p
a
t
i
b
i
l
i
t
y
o
f
s
t
a
n
d
a
r
d
s
(
c
o
m
p
l
e
t
e
d
3
0
/
l
O
/
8
5
)
.
(vii)
National
Public
Information
Plan
A
n
i
n
o
r
d
i
n
a
t
e
a
m
o
u
n
t
o
f
m
i
s
i
n
f
o
r
m
a
t
i
o
n
o
n
P
C
B
s
h
a
s
b
e
e
n
p
r
o
v
i
d
e
d
t
o
t
h
e
p
u
b
l
i
c
.
A
d
d
i
t
i
o
n
a
l
l
y
,
e
v
e
r
y
a
g
e
n
c
y
h
a
v
i
n
g
a
n
y
t
h
i
n
g
t
o
d
o
w
i
t
h
P
C
B
m
a
n
a
g
e
m
e
n
t
h
a
s
r
e
l
e
a
s
e
d
a
t
l
e
a
s
t
o
n
e
d
o
c
u
m
e
n
t
d
e
s
c
r
i
b
i
n
g
t
h
e
i
s
s
u
e
;
i
n
m
o
s
t
c
a
s
e
s
,
f
r
o
m
a
n
a
r
r
o
w
p
e
r
s
p
e
c
t
i
v
e
.
T
h
i
s
c
o
m
p
o
n
e
n
t
o
f
t
h
e
P
C
B
a
c
t
i
o
n
p
l
a
n
i
s
i
n
t
e
n
d
e
d
t
o
a
d
d
r
e
s
s
t
h
e
w
h
o
l
e
i
s
s
u
e
o
f
P
C
B
s
a
n
d
t
o
p
r
o
v
i
d
e
i
n
f
o
r
m
a
t
i
o
n
a
s
c
l
e
a
r
l
y
a
s
p
o
s
s
i
b
l
e
.
T
h
e
p
r
o
j
e
c
t
s
include:
—
t
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
a
j
o
i
n
t
f
e
d
e
r
a
l
—
p
r
o
v
i
n
c
i
a
l
c
o
m
m
u
n
i
c
a
t
i
o
n
s
t
r
a
t
e
g
y
a
n
d
p
u
b
l
i
c
i
n
f
o
r
m
a
t
i
o
n
f
a
c
t
s
h
e
e
t
s
o
n
P
C
B
s
(
b
y
l
5
/
l
l
/
8
5
)
;
a
n
d
—
t
h
e
p
r
e
p
a
r
a
t
i
o
n
o
f
a
s
u
m
m
a
r
y
o
f
t
h
e
i
n
v
e
n
t
o
r
y
a
n
d
t
h
e
r
e
g
u
l
a
t
o
r
y
s
t
a
t
u
s
o
f
P
C
B
s
(
b
y
l
5
/
l
l
/
8
5
)
.
(
v
i
i
i
)
T
h
e
P
h
a
s
e
o
u
t
o
f
P
C
B
i
n
C
a
n
a
d
a
 
T
h
e
p
h
a
s
e
o
u
t
o
f
P
C
B
i
n
C
a
n
a
d
a
h
a
s
b
e
e
n
a
t
o
p
i
c
o
f
d
i
s
c
u
s
s
i
o
n
s
i
n
c
e
t
h
e
f
i
r
s
t
P
C
B
r
e
g
u
l
a
t
i
o
n
w
a
s
p
a
s
s
e
d
u
n
d
e
r
t
h
e
E
C
A
.
I
n
l
9
7
9
a
P
C
B
B
o
a
r
d
o
f
R
e
v
i
e
w
r
e
c
o
m
m
e
n
d
e
d
t
h
a
t
a
p
o
l
i
c
y
o
f
“
f
o
r
c
e
d
a
t
t
r
i
t
i
o
n
”
b
e
a
d
o
p
t
e
d
,
b
u
t
n
o
t
u
n
t
i
l
a
f
t
e
r
d
i
s
p
o
s
a
l
f
a
c
i
l
i
t
i
e
s
w
e
r
e
a
v
a
i
l
a
b
l
e
.
I
t
w
a
s
a
r
g
u
e
d
t
h
a
t
,
b
y
t
a
k
i
n
g
P
C
B
s
o
u
t
o
f
s
e
r
v
i
c
e
p
r
e
m
a
t
u
r
e
l
y
,
t
h
e
s
t
o
r
a
g
e
p
r
o
b
l
e
m
w
o
u
l
d
b
e
c
o
m
p
o
u
n
d
e
d
.
A
p
o
l
i
c
y
o
f
n
a
t
u
r
a
l
a
t
t
r
i
t
i
o
n
h
a
s
s
i
n
c
e
b
e
e
n
f
o
l
l
o
w
e
d
.
W
i
t
h
t
h
e
r
e
c
e
n
t
p
a
s
s
a
g
e
o
f
P
C
B
R
e
g
u
l
a
t
i
o
n
N
o
.
2
,
t
h
e
f
i
r
s
t
s
t
e
p
h
a
s
b
e
e
n
t
a
k
e
n
t
o
f
o
r
c
e
t
h
e
n
a
t
u
r
a
l
a
t
t
r
i
t
i
o
n
r
a
t
e
.
T
h
e
v
a
r
i
o
u
s
o
p
t
i
o
n
s
f
o
r
p
h
a
s
i
n
g
o
u
t
P
C
B
s
r
e
q
u
i
r
e
i
n
v
e
s
t
i
g
a
t
i
o
n
a
n
d
a
r
e
a
d
d
r
e
s
s
e
d
b
y
t
h
e
f
o
l
l
o
w
i
n
g
p
r
o
j
e
c
t
:
 
 — the preparation of a report on options for PCB phaseout,
including costs and time schedules, attrition times for
different types of controls and economic cost analysis (by
31/12/85).
(ix) Environmental Liability Insurance
The subject of liability insurance, although discussed at some
length, has not been addressed in Canada to the same extent as it has
been in other countries. The development of provincial legislation
(notably Ontario's proposed “Spills Bill“) has met with considerable
controversy regarding liability and liability insurance for spill
cleanup and environmental damage. A study of the situation as it
exists in this and other countries is required and is encompassed by
the following project:
— the preparation of" a status report on environmental liability
insurance (by Ol/O9/86).
Through the PCB action plan, the federal and provincial governments
are working cooperatively to deal with and ultimately eliminate
PCBs. The majority of tasks in the PCB action plan are scheduled for
completion by the end of l986. The governments are focusing on the
establishment of a national system of destruction facilities for
PCBs; the implementation of a uniform system for their
transportation; the development of environmental quality objectives
and national standards; the prevention of PCB spills and the greater
exchange of information.
RESEARCH
The theme of this workshop is research. There are many examples of how
research has motivated the existing PCB control program and there are also a
number of situations where additional research is necessary to address
existing problems. The following summarizes research related issues broken
down into past research activities, and present and future research needs.
Past Research
— Canadian environmental research indicated controls were necessary.
— OECD research recommended that controls be applied to “open” uses of PCB.
—
The
types
of “
open”
uses
were
explo
red
and
docum
ented
so t
hey
could
be
restricted.
—
The
type
s a
nd
name
s o
f PC
B us
ed
in c
omme
rce
were
dete
rmin
ed
so t
heir
uses
could be restricted.
—
The
locat
ions
of
PCB
users
in
Canad
a w
ere
deter
mined
so
that
a
dist
ribu
tion
patt
ern
and
trac
king
syst
em c
ould
be d
evel
oped
.
1
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—
Research was conducted on the relative dangers of different types of PCBs
so that controls could be representative of the hazards posed.
—
The breakdown
products of PCBs
in operating equipment
and in fires have
been studied to determine the potential hazards and risks posed by various
situations.
— PCB replacement fluids have been developed and studied.
—
New
equipment
has
been
designed
so
that
PCBs
are
no
longer
necessary
in
their operation.
 
—
Completed
studies
categorize
high
risk
areas
in
preparation
for
phasing
out
PCBs
in
certain
locations
(i
e.
food
industries,
water
treatment
plants).
—
Analyses
have
been
conducted
on
oil
filled
transformers
to
determine
contamination
levels
and
to
give
guidance
on
the
designation
of
PCB
and
non—PCB contaminated fluids.
-
Procedures
have
been
developed
for
the
safe
storage
of
PCBs
until
they
are
ready to be disposed.
—
Decontaminated
procedures
have
been
developed
both
for
equipment
and
for
spills
to
minimize
the
environmental
and
human
health
risks.
—
High
and
low
level
PCB
destruction
technologies
have
been
evaluated
both
on
paper
and
by
actual
field
testing
(St.
Lawrence
Cement,
plasma
arc
and
diesel
engine
have
all
involved
Environment
Canada
support
in
development
and testing).
—
Sampling
and
analytical
methods
have
been
developed
to
measure
PCBs
and
‘
associated
breakdown
products
in
the
environment,
in
operating
PCB
equipment
and
during
the
destruction
of
PCBs
(This
includes
portable
testing
equipment
as
well
as
large
scale
mobile,
i.e.
TAGA
and
laboratory
i
instrumentation).
—
Performance
standards
have
been
developed
for
different
PCB
destruction
technologies.
—
Suitable
locations
for
permanent
destruction
facilities
have
been
explored
l
and
have
incorporated
research
on
many
saspects
(i.e.
groundwater,
air
dispersion,
transportation,
socioeconomic
and
other
factors).
—
Transportation
requirements
have
been
developed
to
ensure
the
safe
transport
of
PCBs
and
PCB-containing
equipment
and
to
track
its
movement
(i.e.
manifest
system
and
Protective
Direction
No
l).
P
r
e
s
e
n
t
and
F
u
t
u
r
e
R
e
s
e
a
r
c
h
N
e
e
d
s
—
Complete
performance
standards
must
be
developed
for
PCB
destruction
technologies.
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 —
National
objectives
and
guidelines
are
required
(including
emission
criteria,
environmental
quality
objectives,
etc.)
for
PCBs
and
the
associated breakdown products.
—
Acceptable
levels
for
PCB—contaminated
equipment
(oil—filled
and
retro—filled
equipment)
must
be
established
based
on
the
threat
to
health
and the environment.
-
Research
is
needed
on
the
long
and
short
term
effects
of
exposures
(both
occupational
and
spill
exposures)
to
PCBs
so
that
appropriate
health,
environmental
and
control
standards
can
be
set.
—
More
work
is
required
on
a
policy
of
forced
attrition.
The
work
should
consider
factors
such
as
environmental
and
health
high
risk
areas,
replacement
costs
of
equipment,
socio—economics,
etc.
-
Additional
sampling
and
analytical
methodologies
are
being
developed
to
allow
faster
and
more
accurate
determinations
of
PCBs
in
various
media
(soil, water, air, sediments, oil, waste streams).
—
Research
is
required
regarding
the
public
acceptance
of
PCB
destruction
facilities
(mobile
and
fixed)
to
determine
why
Canadian
attitudes
differ
markedly
from
those
of
other
countries
where
the
technology
is
accepted
and what can be done to change these attitudes.
-
Additional
and
more
specific
transportation
requirements
are
being
formulated for the movement of PCBs.
Although
a
significant
amount
of
work
has
already
been
completed
an
appreciable task remains ahead if the goals of the PCB action plan are to be
fulfilled.
The bulk of the present and future research
needs is associated
with the development and implementation of controls; this is in contrast to
past research, which has been directed primarily at determining environmental
levels and health and environmental effects.
This new, concerted effort by governments,
as exemplified by the PCB
action plan, is taken as a commitment to resolving the PCB management issue
and should also be seen as an encouragement to all relevant research proposals.
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 N O R K G R 0 U P S E S S I 0 N S
INTRODUCTORY REMARKS
L. KEITH BULEN
Commissioner, U.S. Section, International Joint Commission (IJC)
Good morning! I would like to add a few welcoming remarks to those given
yesterday by Chairman Bissonnette and also the remarks that will be extended
later by Chairman McEwen.
I am grateful that many of you here are members of the Commission family.
I realize that there are not many draftees in this family; they are all
volunteers and voluntaryism on the part of experts such as yourselves is what
has made the Commission so successful. I know all of you strive both
professionally and personally to operate in the finest tradition of the
Commission's 75—year history and we truly appreciate your commitment.
The reason that we commissioners are here at the first meeting of the
Council, is to ensure that it be launched well with our support. We have a
great sense of hope and utilitarian optimism about what you are about to
undertake and I trust that these feelings will be underscored by some of the
remarks I am going to make here today.
Although all the commissioners have come to this seminar, it seems to me
that in view of the high water levels in the lakes, we would be better
spending our time out there laying sand bags around the perimeter of the Great
Lakes. With the first nor'easter that comes along, I think that we are going
to find the surface area of the lakes temporarily doubled quite suddenly.
Unfortunately, many of the inhabitants think that fluctuating levels are due
to some sinister plot of the Commission, devised to create disasters. I might
add that I was greatly relieved not to find a "Welcome IJC” sign on the
marquee in front of the Holiday Inn. I slept better knowing that nobody knew
we were here.
In reference to attending seminars, I feel that sometimes we can do more
harm than good. This seminar, however, can do a great deal of good and I
assure you of your welcome here today. Particularly, I welcome the members of
the new Council of Great Lakes Research managers to our unique IJC family.
The Great Lakes Water Quality Board and the Science Advisory Board, as well as
the dozens of subcommittees and related groups directly associated with the
l978 Great Lakes Water Quality Agreement are important to our continent. But
as important as these Agreement affiliates are, we must be aware that the
total concerns of the Commission extend to many other affairs between Canada
and the United States.
A goal that I have been pursuing is that all boards and committees under
the IJC umbrella be coordinated, where appropriate, to bring the total
resources and attention of the IJC to bear on certain major complicated issues
having ecological overtones for our two nations. As we know, pollution
recognizes no geographic boundaries.
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The
Commission
is
proud
of
its
record
of
effective
resolution
or
assistance
in
resolving
issues
such
as
the
Grand
Coulee
Dam,
the
St.
Lawrence
Power
Project,
the
Lake
of
the
Woods
Convention,
the
Rainy
Lake
Convention,
the
Columbia
River
Treaty,
the
Great
Lakes
Water
Quality
Agreements,
the
Treaty
relating
to
the
Skagit
River
and
High
Ross
Dam
that
was
completed
at
the
end
of
last
year
under
the
direction
and
with
the
assistance
of
the
IJC.
Also,
our
activities
in
the
Trail
Smelter
dispute,
as
well
as
the
Garrison
Diversion
issue.
Also,
IJC
decisions
on
the
Garrison
were
validated
again
this year by a U.S. National Commission.
At
the
present
time
the
IJC
is
caught
up
with
the
perilous
difficulties
associated
with
the
regulation
of
the
historically
high
levels
on
the
Great
Lakes,
the
long—range
transport
of
pollutants,
the
transboundary
implications
of
proposed
coal
mine
development
on
Cabin
Creek
in
British
Columbia
near
the
confluence
of
the
Flathead
River,
the
future
of
fresh
water
and
the
feasibility
of
an
integrated
permanent
transboundary
monitoring
network.
These
are
but
a
few
of the
concerns
with
which
we
find
ourselves
involved
and
for
these
we
need
to
draw
on
our
total
resources.
For
those
of
us
who
wish
to
serve,
I
consider
this
a
challenging
time
to
be
a
part
of
the
IJC
family.
I
can
see
your
Council
immediately
referring
to
two
recently
completed
inventories.
One
was
the
Concord
Study,
which
inventories
all
atmospheric
monitoring
within
the
Great
Lakes
basin.
This
study
was
conducted
at
the
request
of
the
Science
Advisory
Board's
Atmospheric
Subcommittee.
This
same
subcommittee
is
cosponsoring
an
Atmospheric
Workshop
with
which
you
should
wish
to
be
associated.
Also,
the
International
Air
Pollution
Advisory
Board,
which
will
be
participating
in
that
workshop,
has
recently
completed
a
survey
of
current
transboundary
air—water
monitoring
in
an
area
250
miles
on
both
sides
of
the
border,
excluding
the
Great
Lakes
region,
to
avoid
duplication.
This
survey
was
accomplished
by
the
Battelle
Northwest
Group
and
is
being
forwarded
to
this
Council
for
your
use,
input
and
information.
I
also
understand
that
part
of
this
workshop's
purpose
is
to
recommend
methods
to
incorporate
research
findings
and
recommendations
into
the
decision-making
process.
I
am
sure
that
you
are
aware
of
the
Science
Advisory
Board's
planning
committee
for
an
Ecological
Decision—Making
Workshop.
That
committee
is
intending
to
hold
their
workshop
early
next
year
and
would
undoubtedly
welcome
your
input.
Several
members
of
the
planning
committee
are
in
attendance
at
this
seminar.
I
should
point
out
as
well,
that
the
Great
Lakes
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
is
due
for
reappraisal
by
the
two
Parties
next
year.
The
IJC's
advice
to
the
governments
in
this
matter
should
be
of
the
highest
q
ua
l
i
t
y
attainable.
We
encourage
your
considerations
and
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
as
we
r
a
p
i
d
l
y
a
p
p
ro
a
ch
this
m
o
s
t
i
m
p
o
r
t
a
n
t
p
l
a
t
e
a
u.
S
e
ve
r
a
l
g
r
o
up
s
and
i
n
s
t
i
t
u
t
i
o
n
s
a
r
e
g
i
v
i
n
g
a
d
v
i
c
e
to
g
o
v
e
r
n
m
e
n
t
s
on
the
r
e
a
p
p
r
a
i
s
a
l
o
f
the
l978
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
,
i
n
c
l
u
d
i
n
g
the
Royal
S
o
c
i
e
t
y
of
C
a
n
a
d
a
,
the
N
a
t
i
o
n
a
l
R
e
s
e
a
r
c
h
C
o
u
n
c
i
l
o
f
the
U
n
i
t
e
d
S
t
a
t
e
s
,
the
D
o
n
n
e
r
F
o
u
n
d
a
t
i
o
n
and
c
e
r
t
a
i
n
l
y
o
ur
o
wn
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
.
I
c
o
m
e
n
o
w
to
the
c
o
n
c
e
p
t
i
o
n
,
g
e
s
t
a
t
i
o
n
and
b
i
r
t
h
o
f
the
C
o
u
n
c
i
l
o
f
G
r
e
a
t
L
a
k
e
s
R
e
s
e
a
r
c
h
M
a
n
a
g
e
r
s
.
A
l
t
h
o
u
g
h
t
h
e
r
e
w
a
s
c
o
n
s
i
d
e
r
a
b
l
e
d
i
s
c
u
s
s
i
o
n
t
h
a
t
w
e
n
t
o
n
d
u
r
i
n
g
t
h
e
c
o
u
r
s
e
o
f
e
s
t
a
b
l
i
s
h
i
n
g
t
h
e
C
o
u
n
c
i
l
,
t
h
e
m
a
i
n
i
s
s
u
e
w
a
s
a
b
o
u
t
its
r
o
l
e
a
n
d
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
.
S
o
I
t
h
o
u
g
h
t
I
s
h
o
u
l
d
g
i
v
e
f
i
r
s
t
,
m
y
p
a
t
e
r
n
a
l
v
e
r
s
i
o
n
o
f
w
h
a
t
I
p
e
r
c
e
i
v
e
d
t
o
b
e
t
h
e
g
e
n
e
s
i
s
o
f
t
h
e
C
o
u
n
c
i
l
.
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 The general issue of Great Lakes research was rather traumatically called
to my attention in l98l in a draft report prepared by the Science Advisory
Board. Subsequently, at a preliminary meeting to review this report, the
Board expressed grave concern over rumored and proposed United States budget
cuts related to Great Lakes research. I listened attentively to understand
the exact nature and effects of the so—called cuts that had outraged many of
the Board members. I listened and hoped for some indication that their
concern was based on an analysis of the existing research in the Great Lakes
basin and the specific impact which certain proposed cuts would have on the
effectiveness of Great Lakes research.
I began to press for details that would assist me to convince others that
the United States research budget cuts would indeed undermine the spirit and
perhaps the letter of the l978 Great Lakes Water Quality Agreement, as well as
endanger the present and future quality of life for tens—of—millions of North
Americans. Before going further, I would like to assure you that after more
than four years as a Commissioner, I now know generally what PCBs are and a
little something about the controversy that has surrounded their effects on
living organisms, including man. I have learned too the names of a number of
other exotic chemicals and their proven or alleged effects on the health of
aquatic systems and their carcinogenic effects on the human population. I can
now unstutteringly, after multiple martinis, work into even the most casual of
conversations, the names of a couple of polynuclear aromatic hydrocarbons, but
I am and will continue to be a layman.
Although a layman in terms of scientific research questions, I am somewhat
more than that when it comes to understanding the kind of evidence that it
takes to convince elected or appointed officials what they should be sensitive
to and act upon. The availability of this kind of evidence would have been
preferable to the general alarm which was sounded in certain quarters of the
Great Lakes research community in l98l.
I think that elected officials have the right to expect that those who
oppose and criticize them have an understanding of the way in which a
political system works. Few seem to recognize that the proposed budget cuts
at that time were just that, proposed. Moreover, many of those proposed cuts
had been suggested by previous administrations, with the expectation or
understanding that Congress would reinstate some, if not all of them.
Nevertheless, I felt that some of the criticisms had merit. As a protagonist,
however, I needed to assure myself before I could hope to assure others that
these concerns were warranted.
I proceeded to pose a number of what, to me, were basic questions of the
Science Advisory Board members at that time. First, was there an inventory of
research projects and/or resources committed to research both in the United
States and Canada, maintained singularly or jointly, that could give us an
idea of what was ongoing, had been ongoing or should be ongoing? If such an
inventory existed, had anyone scrutinized it for duplication, overlapping or
the possibility of combining or coordinating efforts? Did anyone know what
level of research has been carried on, not just by the Parties, but by the
jurisdictions, namely the eight Great Lakes states and the provinces of
Ontario and Quebec? Did anyone know what kind of research was being
undertaken by federal/state/provincial agencies or by private foundations,.
universities and colleges inside the basin? What research related to Great
Lakes concerns was being accomplished outside the basin? And finally, was
there any agreement amongst us concerning research priorities?
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 These
and
other
related questions
were
initially
met with
considerable
hesitation
and
some
antagonism.
Indeed,
there
were
no agreed
upon
priorities
or
inventories;
no
comparative
analyses
were
in existence.
Consequently,
the
Commission
asked
the
Science
Advisory
Board
in
l982
to
undertake
an
initial
inventory
and
analysis
of
the
relative
level
of
United
States/Canadian
[research programs in the Great Lakes basin.
Questionnaires
were
devised
and
distributed
and
some
responses
were
received.
While
the
results
of
that
preliminary
inquiry
had
suggested
that
the
levels
of the
research
in
each
country
were
roughly
equivalent,
the
information
received
did
not
command
the
confidence
of
those
who
put
the
study
together.
At
that
time,
I
concluded
that
asking
research
scientists
to
compile
facts
and
figures
on
existing
levels
of
research
was
similar
to
asking
high—level
bureaucrats
to
make
the
coffee
in
the
morning.
It
was
not
a
popular task.
It
was
at
about
the
same
time
that
our
Science
Advisory
Board
suggested
to
us
that
the
Great
Lakes
Research
Managers
were
the
ones
best
suited
to
provide
the
kind
of
inventory
that
we
required
in
order
to
enable
us
in the
future,
to
make
a
persuasive
argument
for
restoration
or
increases
in
the
levels
of
Great
Lakes research expenditures.
In
case
you
have
not
guessed
it
by
now,
the
need
to
establish
a
Great
Lakes
research
inventory
analysis
was
one
of
the
primary
considerations
in
the
creation
of
the
Council
of
Great
Lakes
Research
Managers.
In
retrospect,
I
was
mostly
disappointed
at
that
time,
knowing
full
well
that
Article
7
of
the
Agreement
specifically
charged
the
IJC
to
render
assistance
and
advice
to
the
Parties
and
to
the
jurisdictions
on
matters
related
to
research
iri
the
Great
Lakes
ecosystem.
And
in
Article
5
the
Parties,
in
turn,
had
agreed
to
exert
their
best
efforts
to
provide
research
consistent
with
those
priorities
identified
by
the
Science
Advisory
Board
and
recommended
by
the
IJC.
In
closing,
ladies
and
gentlemen,
we
sorely
need
your
help
to
establish
and
maintain
the
basis
for
a
rational
argument
to
justify
the
commitment
of
certain
levels
of
resources
to
Great
Lakes
research.
We
need
a
credible
inventory
and
I
hope
that
you
will
accept
as
one
of
your
challenges,
the
providing
of
such
important
data
and
that
you
will
then
assist
the
Science
Advisory
Board,
the
Water
Quality
Board
and
the
IJC
in
analysing
and
evaluating
the
entire
parameters
of
Great
Lakes
research
as
an
ongoing,
substantial
contribution
to
the
future
of
North
America.
Thank
you
for
having
presented
me
with
the
opportunity
of
addressing
you
on
these
issues
today.
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TO. WORK GROUP ON SOURCES AND ENVIRONMENTAL MEASUREMENTS
DAVID EDGINGTON, Chairman
Center for Great Lakes Studies
University of Wisconsin, Milwaukee, Wisconsin
The Work Group on Sources and Environmental Measurements reviewed the
information presented at this workshop on sources, measurements,
characterization and modeling of PCBs. Based on this information and on the
specific and general experiences of the members of the Work Group, they
developed the following conclusions and recommendations:
l. Sources:
° There are no adequate jurisdictional programs for the systematic
measurement of atmospheric and tributary inputs of PCBs into the
Great Lakes. There is a need for better estimates of PCB inputs from
all sources into the Great Lakes basin.
2. Measurements:
° Most of PCB analyses made before l983 were imprecise. They measured
PCBs as a group and did not identify individual congeners. With the
exception of gross-loading evaluations, these data will be useless in
assessing environmental or health problems related to individual
congeners or specific mixtures of these congeners.
Presently, there is a limited capacity, in terms of trained personnel
and facilities, for measuring a large number of trace organics in
environmental samples. Each year, approximately l,OOO samples are
being analysed in the United States and Canada with adequate quality
assurance. This capacity may be diminished by approximately 25
percent due to imposed budgetary constraints. Also, technically
advanced facilities suitable for measuring extremely toxic chemicals
are few. Therefore, some dioxin samples are currently being sent to
overseas countries, such as Sweden, for analysis.
Based on the above, the Work Group contends that there is a need for
conducting an inventory of the capacity of measuring trace organics
in the Great Lakes and the identification of facilities capable of
measuring exotic or highly toxic chemicals. Also, to be
cost—effective, the Work Group recommends that the number of
monitoring stations for surveillance be limited and the selected
fewer stations be monitored sufficiently at the right time.
Furthermore, the Work Group recommends a higher standard of quality
control for all monitoring done for the purposes of surveillance
and/or research.
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 1]. WORK GROUP ON EXPOSURE AND EFFECTS
ANDREW ROBERTSON, Chairman
National Oceanic and Atmospheric Administration,
Rockville, Maryland
In addition to reviewing information on exposure and effects of PCBs, this
Work Group also suggested mechanisms for enhancing dissemination of research
information and facilitating research coordination. The conclusions and
recommendations developed by this workgroup are as follows:
l. Exposure
0
Large numbers of industries and high densities of human populations
surround the Great Lakes and utilize their resources. Therefore, the
sources of contaminants in the basin are numerous and the routes of
exposure to these contaminants are many. While the major routes of
exposure to aquatic organisms and wildlife are water, sediment and
the food chain, the major pathways for human exposure include air,
drinking water, soil, food and consumer products.
Until recently, most research efforts had been focusing on the
detection of toxic chemicals and the measurement of their
concentrations in various environmental media. Very little effort,
however, was expended on the study of exposure levels and assessing
their significance. It is now evident that more research effort
should be expended on the study of levels of exposure to persistent
toxic chemicals and identification of the routes that contribute the
highest levels of exposure.
2. Effects
° Persistent toxic chemicals, including PCBs, could be detrimental to
ecosystem health. The nature and magnitude of the deletirious effect
usually depend on the properties of the chemical as well as on the
dosage (i e. concentration and period of exposure). While a
significant amount of research had been expended on the study of
toxicological effects of individual chemicals on a limited number of
species in the laboratory, a few investigated studies of effects of
chemical mixtures and their effects on groups of organisms or
populations exposed to ambient concentration levels under prevailing
environmental conditions.
 
While laboratory tests are considered essential for understanding how
certain chemicals affect specific biological systems, well planned
field studies can provide a more realistic assessment of the
potential effects of these chemicals on the health of the ecosystem.
Field studies will reflect the ultimate effects of a multitude of
complex interacting factors that could not be adequately duplicated
-in the laboratory.
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3. Dissemination of Research Information
°
The
Work
Group
on
Exposure
and Effects
recognizes
a need
for
better
dissemination
of
information
on
research
underway/or
recently
completed.
Such
information
would
be
useful
to
the
Great
Lakes
scientific
community
and
would
facilitate
the
coordination
of
research
activities.
It
is,
therefore,
recommended
that
the
Council
of
Great
Lakes
Research
Managers,
with
the
assistance
of
the
Great
Lakes
Regional
Office,
prepare
annual
inventories
that:
—
identify
government
and
non—government
research
institutions
and
funding
agencies
in
the
United
States
and
Canada
involved
in
Great Lakes research;
—
provide
summaries
of
all
research
programs
relevant
to
the
Great
Lakes
including
detailed
information
on
objectives
of
research
and
resources
allocated
for
each
research
project;
and
—
could
be
made
available
in
both
written
and
electronic
form
from
the Great Lakes Regional Office.
4. Research Coordination:
°
Recognizing
that
Great
Lakes
research
programs
suffer
from
a
lack
of
coordination
and
focus,
it
is
recommended
that
the
Council
of
Great
Lakes
Research
Managers
establish
clear
management
goal
statements
which
would
serve
as
the
basis
for
developing
cooperative
binational
research
programs.
These
goal
statements
could
then
be
brought
forward
to
the
co-chairmen
of
the
Great
Lakes
Science
Advisory
Board
and
subsequently
transmitted
to
the
Great
Lakes
Water
Quality
Board
and
the
International
Joint
Commission
for
action.
It
is
also
recommended
that
a
set
of
research
needs
that
integrates
the
requirements
of
health,
fisheries
and
wildlife
be
developed
to
support
the
goal
statement
above,
and
that
the
Council
establishes
priorities
for
those
needs
and
develop
a
coordinated
program
to
meet
as
much
of
the
higher
priority
needs
as
possible.
To
help
accomplish
these
recommendations,
it
is
also
proposed
that
the
Council
takes
advantage
of
the
expertise
in
the
industrial
community
to
assist
in
the
development
of
research
needs
and
that
the
Council
holds
more
of
its
meetings
in
locations
where
industrial
scientists
and
managers
can
more
easily
attend
in
order
to
develop
a
better
exchange
of
information.
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 12. REPORT OF THE MANAGEMENT AND REMEDIAL MEASURES WORK GROUP
(including Social and Economic Considerations)
SUMMARY AND RECOMMENDATIONS
GEORGE FRANCIS, Chairman
Faculty of Environmental Studies, University of Waterloo, waterloo, Ontario
The work group on Management and Remedial Measures addressed several
topics related to Great Lakes research. The following are their conclusions
1 and recommendations:
4 l. Management and Remedial Measures
Effective remedial action plans and implementation strategies require
close collaboration among managers, scientists and the public. The Green
Bay experience is a good example of such collaboration and is worthy of
careful examination. This experience provides an opportunity to conduct
similar pilot studies at other selected sites such as the Hamilton Harbour
and the Grand Calumet River. The results of these studies should be
monitored and evaluated for the social-learning processes inherent in them
and analysed with reference to the Green Bay experience.
The work group recommends that knowledge gained from such experiences
should be used to develop site—specific remedial action plans for the 42
"Areas of Concern” identified by the Water Quality Board.
2. Public Perceptions and Decision—Making
The role of the media is crucial for any changes or improvements in
relating science to its larger societal context. Meanwhile, research
scientists will increasingly have to learn how to communicate more
effectively with the general public.
Some perceived problems of scientists communicating with the public arise
from the negative sanctions imposed on them, limiting their freedom to
spea
k ou
t o
n ma
tter
s o
f pu
blic
inte
rest
.
The
deba
te
on
"whi
stle
—blo
wing
"
is
just
begi
nnin
g i
n s
ocie
ty
and
it
woul
d b
e h
elpf
ul
if
the
Coun
cil
of
Rese
arch
Mana
gers
woul
d s
tudy
the
deve
lopm
ent
of
prof
essi
onal
guid
elin
es
base
d o
n a.
code
of
ethi
cs
whic
h wo
uld
faci
lita
te
more
acti
ve
inte
ract
ion
between Great Lakes research scientists and the public.
Alth
ough
memb
ers
of
the
publ
ic
have
been
regu
larl
y p
olle
d
on
thei
r
atti
tude
s
and
opin
ions
abou
t
envi
ronm
enta
l
issu
es
and
have
usua
lly
expressed strong commitment to environmental quality, there have been too
few
stud
ies
and
expe
rime
nts
on
how
best
to
invo
lve
the
publ
ic a
nd d
iscu
ss
Great Lakes issues with them. The Pollution from Land Use Activities
Reference Group Panels remain one of the best and most successful
basinwide attempts to get the public involved. Unfortunately, there was
no follow-up of this attempt.
lOl
  
So Ci align (Li, C onomi c Q) [L5 ' de r.ath
Research
programs
of
governmental
agencies
responsible
for
environmental
protection
usually
emphasize
technology
development
with
some
considerations
of
the
relative
cost~effectiveness
of
alternatives
considered.
The
broader
question
of
the
socio—economic
consequences
of
using
the
technologies,
however,
are
not
generally
considered.
On
the
other
hand,
non—governmental
environmental
organizations
take
greater
interest
in
socio—economic
issues,
in
part
to
support
advocacy
positions
of
different
constituencies.
Real
or
anticipated
social
impacts
are
motivating
factors
for
the
involvement
of
different
groups
in
controversial environmental issues.
 
  
CONCLUDING REMARKS
ROBERT C. McENEN
Chairman, United States Section, International Joint Commission
Speaking on behalf of the three commissioners present, I want to thank Dr.
Jaworski and the distinguished members of the Council for inviting us to this
important meeting. We are pleased to tell you that this workshop has been
interesting, informative and a worthwhile experience.
During the last two days, we have had the opportunity to listen to Great
Lakes research managers and their senior scientific staff describing the
various aspects of the PCB problem and how research was able to provide the
data and scientific knowledge to understand the problem, though additional
research will always be required to complete the gaps in knowledge.
We were impressed when Dr. Fahmy told us about the amounts of funds and
resources you collectively control. However, we also understand that the
scientific technology needed to identify and measure trace amounts of
contaminants in the environment and the time and effort required to test
adequate numbers of samples and to interpret the results are costly.
Fortunately, because of your devotion to the task as well as the cooperation
and coordination of efforts, this research could be accomplished
cost—effectively and in a timely fashion. This was one of the objectives of
this workshop; to explore appropriate mechanisms for cooperation and research
coordination to achieve this end.
What we heard from you today in this regard was very encouraging and I
want to assure you of our full support. Thank you againfor your invitation
and I wish you all the success in your future endeavours.
lO3
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APPENDIX A
MEMBERSHIP
COUNCIL OF GREAT LAKES RESEARCH MANAGERS
UNITED STATES SECTION:
Dr. Norbert Jaworski (Chairman)
U.S. Environmental Protection Agency
Environmental Research Laboratory
620l Congdon Boulevard
Duluth, Minnesota 55804
Dr. David Edgington
Center for Great Lakes Studies
University of Wisconsin
P.O. Box 4l3
600 East Greenfield Avenue
Milwaukee, Wisconsin 5320l
Dr. Andrew Robertson, Chief
Ocean Assessments Division
National Oceanic and
Atmospheric Administration (NOAA)
Rockwall Building, Room 652
ll400 Rockville Avenue
Rockville, Maryland 20852
Dr. Alfred M. Beeton
Director, GLERL
National Oceanic and
Atmospheric Administration (NOAA)
2205 Commonwealth Blvd.
Ann Arbor, Michigan 48l05
lO7
CANADIAN SECTION:
Dr. G. Keith Rodgers (Vice—Chairman)
National Water Research Institute
Canada Centre for Inland Waters
P.0. Box 5050, 867 Lakeshore Road
Burlington, Ontario L7R 4A6
Mr. James N. Bishop
Water Resources Branch
Ontario Ministry of the Environment
l St. Clair Avenue West, 4th Floor
Toronto, Ontario M4V lK6
Dr. Lino Grima, Associate Professor
Institute of Environmental Studies
University of Toronto
Department of Geography
l00 George Street, Room 5047
Toronto, Ontario M58 lAl
Dr. Jim A. MacLean
Fisheries Branch
Ontario Ministry of the Environment
P.0. Box 50, l040l Dufferin Street
Maple, Ontario LOJ lEO
Dr. Fahmy K. Fahmy (Secretariat)
International Joint Commission
Great Lakes Regional Office
lOO Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
 

  
WORK GROUP PARTICIPANTS
WORKSHOP ON GREAT LAKES RESEARCH COORDINATION
SOURCES, MEASUREMENTS, CHARACTERISTICS, TRANSPORT AND MODELING
David Edgington (Chairman)
. . . . . . . . . Centre for Great Lakes Studies, University of Wisconsin, Milwaukee,
Aff Afghan . . . . . . . . Environment Canada, Inland Waters Directorate, Burlington,
Eugene Aubert . . . . . . . National Oceanic & Atmosperic Administration, Ann Arbor,
Ted Bailey . . . . . . . . . . . . . . . . . . . . . . . . . . . International Joint Commission, Ottawa,
Lynda Corkum . . . . . . . . . . . . . . . . . . . . . . . . International Joint Commission, Windsor,
Dominic DiToro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Manhattan College, Bronx,
Fahmy K. Fahmy . . . . . . . . . . . . . . . . . . . . . . International Joint Commission, Windsor,
Norbert Jaworksi . . . . . . . . . . . . . . . U.S. Environmental Protection Agency, Duluth,
David LaRoche . . . . . . . . . . . . . . . . . . . . International Joint Commission, Washington,
Jim MacLean . . . . . . . . . . . . . . . . . . . . Ontario Ministry of Natural Resources, Maple,
Michael D. Mullin . . . . . . . . . . U.S. Environmental Protection Agency, Grosse Ile,
Clifford P. Rice . . . . . . . . . . . . . . . . . . . . . . . . . . University of Michigan, Ann Arbor,
Bill Richardson . . . . . . . . . . . . U.S. Environmental Protection Agency, Grosse Ile,
Vacys Saulys . . . . . . . . . . . . . . . . . . U.S. Environmental Protection Agency, Chicago,
Jon G. Stanley . . . . . . . . . . . . . . . . . . Great Lakes Fisheries Laboratory, Ann Arbor,
EXPOSURE AND EFFECTS
Andrew Robertson (Chairman)
. . . . . . . . . . . . . . . . . . . . National Oceanic & Atmosperic Administration, Rockville,
Al Beeton . . . . . . University of Michigan, Great Lakes Marine Center, Ann Arbor,
L. Keith Bulen . . . . . . Commissioner, Internatinal Joint Commission, Washington,
Rob Ceschan . . . . . . . . . . . . . . . . . . . . . . . . . International Joint Commission, Windsor,
John H. Craddock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Monsanto Company, St. Louis,
Joel Fisher . . . . . . . . . . . . . . . . . . . . . . International Joint Commission, Washington,
Ron Denning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lambton Industrial Society, Sarnia,
Doug Hallett . . . . . . . . . . . . . . . . . . . . Environment Canada, Ontario Region, Toronto,
Harold Humphrey . . . . . . . State of Michigan, Environmental Epidemilogy, Lansing,
John Manzig . . . . . . . . . . . . . . . . . . University of Windsor, Faculty of Law, Windsor,
Donald McNaught . . . . . . . . . . University of Minnesota, Sea Grant Inst , St. Paul,
Mila Simmons.. .University of Michigan, Environ. & Indust. Health, Ann Abor,
David Villeneuve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Health and Welfare, Ottawa,
Wayne Willford . . . . . . . U.S. Dept. of the Interior, Fish & Wildlife, Ann Arbor,
MANAGEMENT AND REMEDIAL MEASURES
(including Social and Economic Considerations)
George Francis (Chairman)
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Vinton Bacon . . . . . . . . . . . Professor of Civil Engineering (emeritus), Milwaukee,
P—André Bissonnette . . . . . . . . Chairman, International Joint Commission, Ottawa,
Karl Bremmer . . . . . . . . . . . . . . . . . . U.S. Environmental Protection Agency, Chicago,
Hugh P. Dibbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Environment Canada, Ottawa,
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David Pascoe . . . . . . . . . . . . . . . . . . . . Environment Canada, Ontario Region, Toronto,
Ron Shimizu . . . . . . . . . . . . . . . . . . . . . Environment Canada, Ontario Region, Toronto,
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Geoff Thornburn . . . . . . . . . . . . . . . . . . . . . . International Joint Commission, Ottawa,
Jack Vallentyne . . . . . . . . . . . Great Lakes Fisheries Research Branch, Burlington,
Tony Wagner . . . . . . . Environment Canada, Inland Waters Directorate, Burlington,
Andrew Watson . . . . . . . . . . . . . . . . . . . . . . . International Joint Commission, Windsor,
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APPENDIX C
LIST OF PARTICIPANTS
WORKSHOP ON GREAT LAKES RESEARCH COORDINATION
Dr. B. K. Afghan
National Water Quality Laboratory
Inland Waters Directorate
Environment Canada
P.O. Box 5050, 867 Lakeshore Road
Burlington, Ontario L7R 4A6
Dr. Eugene Aubert
Great Lakes Environmental
Research Laboratory
National Oceanic and '
Atmospheric Administration (NOAA)
2300 Washtenaw Avenue
Ann Arbor, Michigan 48l04
Professor Vinton W. Bacon
Department of Civil Engineering
4634 North Wilshire Road
Milwaukee, Wisconsin 532ll
Mr. E. Bailey
International Joint Commission
Canadian Section
l00 Metcalfe Street, l8th Floor
Ottawa, Ontario KlP 5Ml
Dr. Al Beeton
Great Lakes and Marine Center
University of Michigan
2200 Bonisteel Boulevard
Ann Arbor, Michigan 48l09
Mr. P—A. Bissonnette, Chairman
Canadian Section
International Joint Commission
100 Metcalfe Street, l8th Floor
Ottawa, Ontario KlP 5Ml
Dr. Karl Bremer
Toxic Materials Branch (5 HT—ll)
U.S. Environmental Protection Agency
230 South Dearborn Street
Chicago, Illinois 60604
Mr. L. Keith Bulen, Commissioner
International Joint Commission
Suite 2050, One Indiana Square
Indianapolis, Indiana 46204
lll
Mr. Robert Ceschan
International Joint Commission
Great Lakes Regional Office
lOO Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
Dr. Lynda Corkum
International Joint Commission
Great Lakes Regional Office
lOO Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
Dr. John Craddock
Monsanto Company
800 North Lindberg Boulevard
St. Louis, Missouri 63l67
Mr. Ron Denning
Lambton Industrial Society
Suite lll, 265 Front Street North
Sarnia, Ontario N7T 7Xl
Dr. Hugh P. Dibbs
Environmental Protection Service
Environment Canada
Ottawa, Ontario KlA lC8
Dr. Dominic DiToro
Manhattan College
Environmental Engineering
and Science Department
4513 Manhattan College Parkway
Bronx, New York l047l
Dr. David Edgington
Center for Great Lakes Studies
University of Wisconsin-Milwaukee
Milwaukee, Wisconsin 5320l
Dr. Clayton Edwards
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
Mr. David Egar
National Water Research Institute
Canada Centre for Inland Waters
P.O. Box 5050, 867 Lakeshore Road
Burlington, Ontario L7R 4A6
 
 List of Participants — continued
Dr. Fahmy K. Fahmy
.International Joint Commission
Great Lakes Regional Office
lOO Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
Dr. Joel Fisher
International Joint Commission
U.S. Section
200l S Street, N.W., Second Floor
Washington, D.C. 20440
Dr. George Francis
University of Waterloo
200 University Avenue West
Waterloo, Ontario N2L 3Gl
Dr. John Gannon
International Joint Commission
Great Lakes Regional Office
lOO Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
Mr. Ron M. Gotts
Waste Management Branch
Ministry of the Environment
40 St. Clair Avenue W., 5th Floor
Toronto, Ontario M4V lM2
Dr. Lino Grima
Institute of Environmental Studies
University of Toronto
Toronto, Ontario M5S lAl
Dr. Douglas Hallett
Regional Director General's Office
Dept. of Environment, Ontario Region
25 St. Clair Avenue E., 7th Floor
Toronto, Ontario M4T lM2
Dr. Andrew Hamilton
International Joint Commission
Canadian Section
lOO Metcalfe Street, l8th Floor
Ottawa, Ontario KlP 5Ml
Dr. Harold E.B. Humphrey
Environmental Epidemiologist
State of Michigan
3500 North Logan St
Lansing, Michigan 489l4
ll2
Dr. Norbert Jaworski
U.S. Environmental Protection Agency
Environmental Research Lab—Duluth
620l Congdon Boulevard
Duluth, Minnesota 55804
Ms. Jean Laforge
International Joint Commission
Great Lakes Regional Office
lOO Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
Mr. David LaRoche
Secretary, U.S. Section
International Joint Commission
200l S Street, N W., Second Floor
Washington, D.C. 20440
Dr. James A. MacLean
Supervisor, Fisheries Branch
Ontario Ministry of Natural Resources
P.0. Box 50
Maple, Ontario LOJ lEO
Prof. John G. W. Manzig
Faculty of Law
University of Windsor
Windsor, Ontario N98 3P4
Mr. Robert C. McEwen, Chairman
United States Section
Internatonal Joint Commission
l27 North Water Street, Room 206
U.S. Customs House
Robert C. McEwen Bldg.
Ogdensburg, New York l3669
Dr. D. C. McNaught
Sea Grant Institute
University of Minnesota
ll6 Classroom«0ff. Bldg.
l994 Buford Avenue
St. Paul, Minnesota 55l08
Mr. David Pascoe
Contaminants Control Div.
EPS — Ontario Region, Env. Canada
Arthur Meighen Bldg., 7th Floor
25 St. Clair Avenue East
Toronto, Ontario M4T lM2
 List of Participants — continued
Dr. Trefor B. Reyno1dson
Internationa1 Joint Commission
Great Lakes Regiona1 Office
100 Oue11ette Avenue, 8th F1oor
Windsor, Ontario N9A 6T3
Mr. C1ifford Rice
1780 David Court
Ann Arbor, Michigan 48105
Mr. Wm. L. Richardson
Large Lakes Research Laboratory
U.S. EPA
9311 Groh Road
Grosse I1e, Michigan 43138
Dr. Andrew Robertson
Marine P011ution Assessment
NOAA/RD/MP Rockwe11 B1dg/Rm 610
11400 Rockvi11e Ave
Rockvi11e, Mary1and 20852
Mr. Vacys Sau1ys
Remedia1 Programs Staff
Great Lakes Nationa1 Program Office
U.S. EPA, 536 South C1ark Street
Chicago, I11inois 60605
Ms. Eve1yn Sayers
Internationa1 Joint Commission
Great Lakes Regiona1 Office
100 Oue11ette Avenue, 8th F1oor
Windsor, Ontario N9A 6T3
Mr. Steve Schrybman
Canadian Environmenta1 Law Assoc.
243 Queen Street West
Toronto, Ontario M5V 1Z4
Mr. Ron Shimizu
Great Lakes Division
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Dr. Mi1agros S. Simmons
Dept. of Environmenta1
and Industria1 Hea1th
University of Michigan
Ann Arbor, Michigan 48109
Dr. Jon Stan1ey
U.S. Fish and Wi1d1ife Service
Great Lakes Fishery Laboratory
1451 Green Road
Ann Arbor, Michigan 48105
Mr. Geoff Thornburn
Internationa1 Joint Commission
Canadian Section
100 Metca1fe Street, 18th Fioor
Ottawa, Ontario K1P 5M1
Dr. Jack Va11entyne
Great Lakes Fisheries Research Branch
Fisheries and Oceans, CCIW
P.O. Box 5050, 867 Lakeshore Road
Bur1ington, Ontario L7R 4A6
Dr. David Vi11eneuve
Environmenta1 Contaminants Section
Environmenta1 Hea1th Directorate
Hea1th and We1fare Canada
Tunney's Pasture
Ottawa, Ontario K1A 0L2
Mr. Tony Wagner
In1and Waters Dir. — Ontario Region
Environment Canada, CCIW
867 Lakeshore Road, P.O. Box 5050
Bur1ington, Ontario L7R 4A6
Dr. Andrew Watson
Internationa1 Joint Commission
Great Lakes Regiona1 Office
100 Oue11ette Avenue, 8th F1oor
Windsor, Ontario N9A 6T3
Mr. Wayne A. Wi11ford
U.S. Department of the Interior
Fish and Wi1d1ife Service
Great Lakes Fishery Laboratory
1451 Green Road
Ann Arbor, Michigan 48105
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